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During  the  last  ten  yean  a  large  number  of  papen  have  been  published  which  have  been  devobd  to  the  elec> 
trode  properties  of  membranes  made  from  ion  exchange  resins.  It  has  been  shown  in  these  papen  tlu  membraisea 
made  from  cation  exchange  or  anion  exchange  resins  can  funtion  at  revenible  electrodes.  Hydroger.and  metal  func¬ 
tions  have  been  studied  in  the  case  of  cation  exchange  membranes  [1-10]  and  alto  the  chloride  [11 -b],  bromide  [16]. 
flouride  [15]  and  other  {  ■ .  .^ons  in  the  cate  of  anion  exchange  membranes.  The  existence  of  the  oncsponding 
electrode  functioru  In  the  membranes  means  dut  the  latter  can  be  used  in  potentlometric  titration  ^4  indicator  elec¬ 
trodes  which  arc,  in  principle,  reversible  widi  respect  to  any  ion  e.g.  to  F  — .  NO^  — .  CKjCOO  —  ,  Ll++,.Rb  ♦.  Cs  ♦. 

Mg'  -f,  Ba*  *  ions  etc.  for  which  no  revenible  electrodes  are  known,  or  preparation  of  which  involve<ooiuiderable 
difficulty.  In  the  work  described  here  a  study  was  made  of  membraites  prepared  from  various  Ruulii  resins  at  In¬ 
dication  by  the  precipiution  method. 

Many  authon  have  used  membrane  electrodes  for  potentioroetric  titration.  Thus  Sinkha  [17],  ustn^nlectrodcs  made 
from  IONA  K  $-200  sulfonated  cation  exchange  resin,  and  resorcinol -formaldehyde  resin,  titrated  hydrodloric  acid  with  so- 
diuiT.  hydroxide ,  while  he  used  anion  exchange  electrodes  made  from  the  multifuttctional  anion  exchangi  resin  lONAK  A  -300 
and  the  strongly  basic  anion  exchange  rest/.  IRA  -400  for  tome  tluatiom  based  on  precipitation.  The  curve  he  obtained  did  not 
have  a  clearly  defined  potential  jump  or  break  at  the  end  point .  and  it  b  not  clear  with  what  accuracy  sudrt  titration  can  be 
caniedout. 

Resulu  of  the  use  of  membeane  electrodes  for  potentioroetric  titration  based  on  precipitation  an  also  given  in 
Parson's  article  [18].  He  used  technical  Am.bcrplex  C-1  cation  exchange  membranes  and  anion  exebnge  membranes 
made  from  the  strongly  basic  anion  exchange  resin  IRA-400  as  membrane  electrodes,  and  titrated  sufuric  acid  and 
sodium  sulfate  with  solutions  of  a  barium  salt.  The  authors  evaluate  the  titration  error  at  ±  0.4%. 


Fbcher  and  Bancock[19]  used  electrodes  made  from  inorganic  materlab  for  potentlometric  titr.tioiu  Thus 
they  used  a  membrane  made  from  barium  sulfate  ft>x  titrating  sodium  sulfate  with  barium  chloride. -‘aid  for  titrating 
sulfuric  acid  with  barium  hydroxide.  Sufficiently  clearly  defined  potential  changes  were  not  obtalnai'at  the  end 
polna,  however. 

Bcrtler  and  Ttueb[20]  used  an  insoluble  film  of  aluminum  oxide  for  tne  potentlometric  titratUa  of  halides.  The 
error  In  ettabibhing  the  end  point  was  about  4ft, 

Experimental  Technique.  In  order  to  study  the  behavior  of  ion  exchange  electrodes  during potmtiometric.  ti¬ 
tration.  the  following  Ion  exchange  resins  were  used:  the  sulfo-catlon  exchange  resins  SBS  and  KU-2,the  carboxyl 
cation  exchange  resin  KB-4.  the  resorcinol-formaldehyde  resin  R.  the  anion  exchange  resins  EDE-lOaiid  AV-16  sub¬ 
stituted  to  different  extentt  with  amino  groups,  die  highly  basic  anion  exchange  resin  AB-17  contalntig  quaternary 
amioonium  groups,  and  also  the  ion  exchange  membranes  DKU-2  (ioQ  exchange  resin  KU-2  cross-llied  widi  polychloio- 
vlnyl). 

Susbtitutlon  of  the  mobile  ions  in  the  icoogenlc  groups  of  the  resins  by  the  requisite  ioiu  was  exried  out  by 
treating  the  resin  with  appropriate  soluxloraof  acid  or  salt. 


The  electrodes  were  prepared  by  the  technique  adopted  in  the  school  of  physical  chemistry  oficningrad  State 
Unlvenity  [7].  In  accordance  with  this  method  some  of  the  air-dry  resin  was  ground  in  a  ball  mill  ud  then  sieved. 
The  resin  fraction  chosen  (about  200  mesh)  was  mixed  in  a  definite  proportion  oy  weight  with  polyty/cnc  dissolved 
in  toluene.  The  mass  while  still  unsolidified  was  transferred  onto  a  foil,  the  toluene  removed  by  ev4Qiation,  and 
the  films  obtained  readily  removed  from  the  foil.  Ten  mm  diametM  discs  were  cut  out  of  the  filmswith  a  drill,  the 


Fig.  1.  Tluation  curves  of  1  N  hydro¬ 
chloric  acid  (25  g)  with  0.9572  N  sodium 
hydroxide,  using  electrodes  made  .  from 
cation  exchange  resins  R  (curve  1).  KB-4 
(curve  5):  titration  curves  of  0.964  N 
hydrochloric  acid  (25  g)  with  0*9572  N 
sodium  hydroxide  using  electrodes  made 
from  cation  exciiange  resins  5b5  (curve 
4).  SDV-3  (curve  2),  and  Ku-2  (curve  3). 

50^.  while  In  the  case  of  membranes  made  from 


Fig.  2.  Titration  curves  of  1.0858  N  nitric  acid 
(25  g)  (curves  1  and  2)  and  of  0.5188  M  sulfuric 
acid  (25  g)  (curves  3  and  4)  with  0.9698  N  sodium 
hydroxide  using  electrodes  made  from  cation  ex* 
change  resim  SBS  (curves  2.  4)  and  KU-2  (curves 
l.S). 


discs  were  glued  with  polystyrene  glue  (a  solution  of  polystyrene 
in  toluene)  to  polystyrene  tubes.  The  ion  exchange  resin  con¬ 
tent  of  membranes  made  from  the  cation  exchange  resins  was 
the  anion  exchange  resins  it  was  25^. 


Before  die  ion  exchange  electrodes  were  used  for  potentiometrlc  titration,  they  were  calibrated  by  measuring 
their  potentials  in  suitable  solutions  of  electrolytes  of  varying  coiKentratlon.  In  these  experiments  a  silver  chloride 
electrode  was  used  as  the  reference  electrode  in  chloride  solutions,  and  a  glass  electrode  in  sulfuric  acid  solutions. 
The  electrodes  chosenwere  those  for  which  the  deviation  of  the  experimental  emf  from  die  calculated  value  was 
within  the  limits  1-2  mv. 


Potentiometrlc  tiuation  was  carried  out  in  a  cell  with  3-5  rrembrane  electrodes  whose  potentials  were  measur¬ 
ed  with  respect  to  s  calomel  electrode.  The  solution  being  titrated  was  measured  out  by  weight.  The  5-6  electrodes 
tested  for  each  resin,  as  a  rule,  gave  coincident  results. 

Results  of  Potentiometrlc  Titration  of  Acids.  Electrodes  in  the  hydrogen  form,  made  from  resins  differing  in 
chemical  nature,  were  used  for  titrating  acids  (hydrochloric,  sulfuric,  atx)  nitric). 

Potentiometrlc  titration  curves  cf  1  N  hydrochloric  acid  using  different  membrane  electrodes  are  shown  in 
Fig.  1.  The  amount  in  ml  of  alkali  which  corresponds  to  the  equivalent  point  according  to  titration  results  obtained 
with  an  indicator  is  marked  on  the  absclua.  Fig.  1  shows  that  the  shape  of  the  curve  obtained  depe’xis  on  the  type 
of  loo  exchange  resin  used  for  preparing  the  membranes.  The  curve  obtained  with  membranes  prepared  from  the 
hydroxyl  resin  R  (Fig.  1.  Curve  1)  approximates  the  usual  potentiometrlc  titration  curve  obtained  with  a  hydrogen 
electrode.  An  appreciable  potential  jump  is  observed  at  the  end  point  in  this  cate.  There  it  a  sharp  change  in 
potential  r.«er  the  end  point  in  the.  case  of  the  membrarKe  made  form  the  carboxyl  resin  KB-4  (Curve  5).  but  there 
is  still  not  a  Jump.  The  potential  change  near  the  end  point  is  small  In  the  ca^  of  electrodes  made  from  the  tulfo 
reslnsi  the  change  can  be  established  oa  the  basis  of  the  min'mum  on  the  curve. 

Titration  curvet  of  0.5  M  sulfuric  acid  and  1  N  nitric  acid  obtained  on  using  electrodes  made  from  the  sullb 
resins  (SBS  and  KU-2)  are  shown  In  Fig.  2.  The  curves  exhlnlt  a  clearly  defined  minimum  at  the  end  point,  the 
minimum  coinciding  with  the  results  of  an  indicator  titration  to  an  accuracy  of  0.02  ml. 
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Fig.  3.  Titiation  curves  of  0.1  N  hydro¬ 
chloric  acid  (25  g)  with  0.1048  N  sodium 
hydtoxide.using  electrodes  made  from 
cation  exchange  resins  R  (curve  1),  SBS 
(curve  2),  KU-2  (curve  3),  and  DKU-2 
(curve  4). 


During  tiuatlon  of  1  N  solutions  of  acids,  membratsea  !■ 
the  hydrogen  form  were  used  with  0.1  N  hydrochloric  acid  as  aa 
internal  solution 

Under  these  conditions,  however,  high  results  were  obtained 
for  0.1  and  0.01  k  hydrochloric  acid  when  electrodes  made  from 
sulfo  resiru  were  used.  The  reason  for  die  appearance  of  addi¬ 
tional  acidity  in  the  solution  may  be  the  exchange  of  hydrogen  loos 
from  the  membrane  for  sodium  ions  from  the  sol utlot^ which  occurs 
during  tiuatlon.  In  order  to  eliminate  this  effect,  during  titration 
of  dilute  solutions  of  acids  electrodes  made  from  sulfo  resins  were 
used  in  sodium  form,  while  0.1  M  sodium  chloride  was  used  as  the 
internal  solution.  When  electrodes  made  from  weakly  acid  res iis  aae 
used  during  titration  of  dilute  acid  solution  acidification  of  die 
solution  following  from  exchange  of  hydrogen  ions  does  not  occur, 
and  these  membranes  ^an  be  used  in  the  hydrogen  form. 

Tiuatlon  curves  of  0.1  N  hydrochloric  acid  using  membrane 
electrodes  made  from  sulfo  resiru  in  the  sodium  form  ate  shown  in 
Fig.  3.  Ill  this  case  the  end  points  obtained  from  die  potentiometric 
curves  agree  with  the  resulu  obtained  during  tiuatlon  with  an  in¬ 
dicator,  while  the  character  of  the  curve,  as  in  the  case  of  1  N 
solutions,  is  determined  by  the  type  of  resin  from  which  the  elec¬ 
trode  is  prepared. 

Similar  resulo  were  obtained  for  0.01  N  solutions  of  hydro¬ 
chloric  acid  (Fig.  4).  The  accuracy  of  titration  with  membrane 
electrodes  is  a  few  tenths  of  a  percent  for  all  die  concenuationi 
studied. 


Thus  the  experimental  results  show  that  membrane  electrodes 
made  from  cation  exchange  resins  in  the  hydrogen  form  can  be 
successfully  used  for  potentiometric  titration  of  various  acids  (1- 
0.01  N)  with  aklali  solutions.  The  character  of  the  changes  in  emf 
during  tiuation  is  determined  by  the  acid  suength  of  die  active 
groups  of  the  resin  from  which  the  membrane  electrode  is  made. 

In  die  case  of  resins  with  weakly  acid  gioups(the  hydroxyl  resin  R 
and  the  carboxyl  resin  KB-4)  there  is  a  suffiriently  sharp  change 
in  emf  at  the  end  point,  couesponding  to  an  appreciable  change 
in  pH  at  the  titration  end  point  (curve  1  in  Figs.  1.  3.  4).  The 
emf  change  from  the  beginning  of  a  tiuation  to  the  end  point  is 
120-140  m</  for  electrodes  prepared  from  resin  R,  the  potential 
Jump  being  60-70  mv.  For  electrod<u  made  from  the  carboxyl 
resin  KB-4  the  emf  change  up  to  the  end  point  is  about  90  mv 
(curve  5,  Fig.  1).  Such  behavior  or.  the  part  of  electrodes  made 
from  weakly  acid  resins  can  be  explained  by  the  larger  selectivity 
of  these  resins  for  hydrogen  ions  than  for  sodium  ions  The  Uansi- 
tion  region  from  a  hydrogen  function  to  a  sodium  function,  accord¬ 
ing  to  our  results,  lies  w  khin  the  PH  range  4-7  for  resin  R  and  with¬ 
in  the  pH  range  3-6  for  the  carboxyl  resin. 

The  change  in  emf  with  addition  of  alkali  in  the  case  of 
electrodes  made  from  the  sufo  resiru  can  be  explaind  as  follows. 

At  the  beginning  of  titration  the  membrane  is  in  the  hydrogen 
form  .  and  its  potential  is  determined  by  the  hydrogen  ion  concen¬ 
tration.  At  alkali  it  added  the  membrane  it  gradually  converted  into  the  sodium  form  and  reacu  both  to  decreases 
in  hydrogen  ion  concentration  and  to  Increases  in  sodium  Ion  concentration.  The  nature  of  the  curve  obtained  agrees 
with  the  ion  exchange  properties  of  sulfo  resins, which  do  not  exhibit  selectivity  toward  hydrogen  and  other  cations. 


Fig.  4.  Tiuation  curves  of  0.01  N  hydrochloric 
acid  (25  g)  with  0.0101  N  sodium  hydroxloe, 
using  electrodes  made  from  cation  exchange 
resins  R  (curve  1)  and  SBS  (curve  2). 
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Fig.  5.  TiuatioD  curves  of  0.1  M  sodium 
chloride  (25  g)  with  0.1014  N  silver  nitrate, 
using  electrodes  made  from  anloo  exchange 
resins  AV-16  (curve  1),  and  AV-17  (curve 
2,8). 


The  transition  range  from  hydrogen  function  to  «  sodium  functloa 
lies  within  the  pH  range  1. 5-3.5  [7^  for  electrodes  made  from 
tuKo  reslra.  After  the  eivd  point  the  emf  Is  a  function  of  the  sodium 
loo  coocentration  only  and  slowly  increases  u  the  latter  Increases 
(excess  alkali). 


Results  of  Potentlometrlc  Titration  by  a  Precipitation  Method. 
Membranes  made  from  the  anion  exchange  resins  AV-H,  AV-16, 
and  H3E-10  were  used  for  titrating  halides  with  a  silver  nitrate  so¬ 
lution.  Preliminary  exp>erlments  showed  that  an  electrolyte  iK)t 
containing  the  anion  of  the  solution  being  titra  ed  should  be  used 
as  the  Internal  solution.  In  the  main  experlmentt  a  solution  of 
0.05  M  sulfuric  acid  was  poured  Iruide  the  membranes  while  a 
micro  calomel  electrode  served  as  the  internal  electrode.  Results 
of  titration  of  0.1  M  sodium  chloride  with  silver  nitrate  solution 


are  shown  in  Fig.  5,  from  which  it  is  clear  that  there  Is  a  sharp 
potential  jump  at  the  end  point,  while  the  position  of  this  jump 
coincides  with  the  end  point  determined  by  titration  with  an  In- 
dicatoc 


The  titration  curves  obtained  with  anion  exchange  membranes 
are  simUar  in  character  to  the  curve  obtained  with  a  silver  chloride, 
electrode.  The  value  of  the  potential  Jump  at  the  end  point  In  the 
case  wbers  membrane  electrodes  are  used,  is  however,  leas  dian 
that  obtained  when  a  silver  chlo.lde  electrode  Is  used.  In  thb  case 


the  change  in  emf  up  to  the  end  point  is  determined  mainly  by  the 
cooo;:r2ratioo  of  chloride  loos,  and  not  by  that  of  No|-  Ions,  since 
(he  exchange  process  proceeds  at  a  comparatively  slower  rate  on 
anion  exchange  membranes.  The  chloride  ion  coocentration  changes 
most  sharply  near  the  end  point,  and  the  result  is  a  sharp  change  In 
potentiaL  After  the  end  point  only  NO^  ~  ions  are  present  in  so¬ 
lution.  but  the  transition  to  die  new  function  proceeds  slowly,  and. 
accordingly,  the  emf  remaim  aknost  comtant. 

The  results  obtained  during  titration  of  sodium  chloride  with 
silver  niuate  solution  Indicate  that  It  should  be  possible  to  use 
anion  exchange  membranes  for  titrating  mixtures  of  halides.  The 
titratico  cun-cs  shown  in  Fig.  6.  show  that  at  the  end  points  cones- 
poodicg  to  complete  precipitation  of  the  conesponding  halide, 
there  are  clearly  defined  Jumps  which  correspond  to  the  end  points 
obulned  during  titration  with  indicators. 

Anion  exchange  membrane  electrcxles  in  the  sulfate  form 
were  csed  for  titrating  sulfuric  acid  and  sodium  sulfate  with  barium 
chloride  arid  barium  acetate  solution.  Titration  curves  of  sulfuric 
Fig.  6.  Titration  curves  of  chloride,  bromide  »cid  with  barium  acetate  using  membrane  elecuodes  made  from 

iodide  (10  g  of  0.1  M  NaCl  ♦  10  g  0.1  M  NaBr  anloo  exchange  resins  AV-lE  and  AV-17  are  shown  in  Fig.  7.  The 

♦  10  g  0.1  M  W)  with  0.1014  N  silver  nitrate*  curves  obtained  have  a  clearly  defined  peak  which  coincides  with 

using  electrodes  m»de  from  anion  exchange  »n  accuracy  of  a  few  tenths  of  a  percent  with  the  end  point  obtained 

reslm  EDE-10  (Curve  1)  artd  AV-16  (curve  2).  during  indicator  titration.  Up  to  the  end  point  the  emf  Is  determined 

mainly  by  the  SO4  conccntration.which  changes  most  sharply  at 
the  titration  end  [vjint;  acetate  lorn  hardly  play  any  pan  because  of  the  low  dissociation  of  acetic  acid.  In  order  to 
compare  the  behavior  of  anion  exchange  membranes  with  cation  exchange  membranes  during  titration  of  sulfuric  acid 
with  a  barium  acetate  solution,  cation  exchange  membraoes  in  the  hydrogen  form  made  from  resin  KU-2  (Fig.  7,cutvc 
3)  were  used.  At  the  end  point  the  potential  of  the  catioo  exchange  membrane  gives  a  sharp  minimum,  the  preseix:a 
of  which  is  enplained  by  the  fact  that  during  titration  the  hydrogen  ion  concentration  decreases  up  to  the  end  point  aa 
a  result  of  t>«e  formation  of  the  sparingly  dissociated  acid,  and  the  emf  decreases;  after  the  end  point  the  emf  Is  de- 
terimned  by  the  barium  ions,  and  the  potential  increases  as  the  barium  concenuatloo  Increases. 
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Fig.  8.  Tiuation  curves  of  0.1  M  sodium 
sulfate  (25  g)  with  0.1688  N  barium  chloride, 
using  electrodes  made  from  the  anion  ex¬ 
change  resin  EDE>10  (curves  1*  2). 

A  most  interesting  case  Is  titration  of  sodium  sulfate 
with  barium  chloride  solution  (Fig.  8).  Titration  was  carried 
out  using  anion  exchange  electrodes  in  the  sulfate  fom^  these 
electrodes  react  to  changes  in  sulfate  ion  concentration.  M 
a  result  of  which  there  ft  a  fairly  sharp  maximum  peak  at 
the  end  point. 


SUMMARY 


Fig.  7.  Tiuation  curves  of  0.05  M  sulfuric 
acid  (50  g)  with  0.1766  N  barium  acetate, 
using  electrodes  made  from  anion  exchange 
resins  EDE-10  (curve  1 ).  AV-17  (curve  2), 
and  cation  exchange  resin  KU-2  (curve  9). 


Membranes  made  from  the  sulfo  cation  exchange  resia 
SBS,  KU-2  and  SDV*9.  and  from  the  carboxyl  cation  exchange 
resin  KB-4  and  the  hydroxyl  resin  R,  have  been  used  as  indi¬ 
cator  electrodes  for  the  potentlometric  tiuation  of  acids.  An 
explanation  it  given  of  the  nature  of  the  curvet  obtained  during 
acid  —  alkali  tiuation  when  membrane  electrodes  made  from 
resins  containing  active  groups  differing  in  their  cherried  nature 
are  used. 


It  has  been  established  that  membranet  in  die  hydrogen  form  can  be  used  for  titrating  concentrated  acids.  Foe 
tiuation  of  dilute  acid  solution,  membranes  made  from  the  sodium  form  of  strongly  acidic  resloi  and  from  the  hydro¬ 
gen  form  of  weakly  acidic  resins  should  be  used. 

A  study  has  been  made  of  anion  exchange  membrane  electrodes  made  from  the  resins  AV-16.  AV-17.  and  EDE- 
10  as  indicator  electrodes  for  potentlometric  tiuation  of  halide  and  sulfate  ions  by  precipitation  methods.  Tbr  curves 
obtained  during  titration  of  halides  are  similar  in  character  to  those  obtained  during  tiuation  with  the  usual  electrodes 
which  are  reversible  with  respect  to  these  ions.  The  titration  curve  obtained  during  tiuation  of  sulfate  iom  has  a  peak 
maximum  at  the  end  point. 

The  use  of  membranes  as  indicator  electrodes  opens  up  possibilities  of  potentiomeuie  titration  by  preclpitatioa 
methods. 
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THE  USE  OP  HYDROXY  ACIDS  IN  POL AROGR APHIC  ANALYSIS 
COMMUNICATION  1.  THE  HALF  WAVE  POTENTIALS  OF  CBITAIN  IONS  IN 
SOLUTIONS  OF  SODIUM  LACTATE.  MALATE  AND  SALICYLATE 

I.  Adam.  1.  Dolezal,  and  J.  Zyka 

Charies  University.  Prague  (CzecboUvakia) 

Translated  from  Zhuraal  Analltlcbeskoi  Khimil.Vol.  16.  No.  4. 
pp.  395-398,  July  -  August.  1961 
Original  article  submitted  May  20. 1960 

During  a  systematic  study  of  the  use  of  complexing  agenu  In  polarographic  analysis  we  became  Interested  In 
the  behavoir  of  certain  lorn  in  solutions  of  hydroxy  acids.  Breda  et  al  [1]  recently  published  the  half  wave  potentials 
of  a  series  of  ions  In  solutions  of  citric  aod  malonlc  acids.  In  solutions  of  die  alkali  salts  of  these  ac*0s.  and  also  in 
mixtures  of  1  M  sodium  lactate  and  1  M  sodium  hydroxide.  The  work  described  here  Is  a  continuation  of  diis  research} 
it  includes  results  of  a  study  of  the  behavior  of  35  ions  in  solutlom  of  lactic,  malic,  and  salicylic  acids,  and  In  solutlona 
of  die  salts  of  these  acids  at  various  Ri  valnes. 

EXPERIMENTAL 

1  M  solutions  of  sodium  malate.  lactate,  aod  salicylate  were  prepared  from  the  pure  acids;  after  adding  a 
solution  of  the  salt  of  the  test  element  to  the  solutlcn  of  the  hydroxy  acid,  the  pH  was  adjusted  to  die  requisite  value 
by  addition  of  sodium  hydroxide;  the  coocentration  of  the  test  element  in  the  final  volume  was  1  x  10~*M.  Solutions 
of  the  respective  salts  were  prepared  in  nxxt  cases  from  analytical  grade  materials. 


TABLE  1.  Half  Wave  Potentials  of  Certain  lom  In  1  M  Sodulm  Lactate 
(relative  to  the  saturated  calomel  electrode) 


pH 

• 

7 

• 

a 

Pb»^ 

-0.44a 

-0.45f 

—0,581 

Cu*^ 

— O.lOb 

—0.30b 

—0,32b 

—0,36a 

As“ 

h 

h 

0,0c 

-0,14c 

Sb“« 

h 

h 

h 

-0,121 

FtH 

h 

—1.50b 

—1,51b 

—1,58b 

c-or 

Mn»» 

—0.91a 

h 

—0.88a 

1 

—0.84a 

I 

—0,84a 

f 

Nl»*^ 

h 

b 

b 

f 

<:©«♦ 

Zn»» 

—1 .47b 
—1,14b 

f 

-1,30;  —1,46k 

f 

-1,34;  -1,53k 

f 

-1,44b 

UO,»» 

c 

e 

c 

TI»V  ^ 

M0O4 

ioM 

—1.35c 

I 

h 

-l,41e 

1 

h 

-l,53e 

h 

— l,19e 

-l,60e 

h 

-1,25^ 

—0,72b 

h 

h 

b 

Note.  The  following  ions  do  not  give  a  polarographic  waveQi'** ,  As'^  ,Sb^, 
So",  s."  w".  A."'-  Pi"  F.“  6."  WO.-,  a",  C.'"' 

Tb",  Bl™"  CJ". 


The  polarographic  curves  were  recorded  on  a  Heyrovski  Mark  V  301  polarogrsph,utlng  a  30  galvanometer  and 
a  Kalousek  cell  with  a  saturated  calomel  electrode. 

The  results  obtained  are  presented  in  Tables  1-3.  In  addition  to  the  value  of  the  half  wave  potential,  a  short 
note  on  the  polarographic  behavior  of  itsdlvidual  lom  is  also  irscluded. 
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TABLE  2.  Half  Wave  Potentials  of  Certain  Ions  in  1  M  Sodium  Malatn 
(relative  to  the  uturated  calomel  electiode) 


pH 

• 

1 

t 

tl 

Pb*^ 

—0.48a 

— O.'XBa 

-0.S4a 

—0,67a 

— O.lOe 

—0,14b 

-0,20b 

—0.22b 

Sb'' 

-0,84:  -0.98k 

-0.90d 

-0.93d 

-0.96a 

b 

h 

h 

— 1.19d 

Sn'* 

Fc**’ 

— 0,t7g 

-0.37g 

-0.53f 

-0.82f 

ooj" 

—0.30b  ! 

h 

-0.27b 

1 

O.kSb 

f 

—0.29b 

1 

Mn** 

Zn** 

.-l,02;-l,22k 

—1,38b 

h 

b 

-0,42a 

o.eod 

0.63d  ' 

— 0.67d 

Tl*'^ 

-1.3d 

-1.3f 

-l,3f 

-1.3f 

MoOT 

— l,28d 

— l,30d 

1 

1 

VO,- 

—0,04b 

-0,58b 

1  h 

h 

n  11  sv 

Note.  The  following  iom  do  not  give  a  polatographic  wave:  Ni  .Co  .  Ge 


m 


in 


m 


In***  •  Gt  •  At 
Ce^.Th*^,  De“  ,Bl*“,Cd“  , 


Pd 


An 


m 


Pt*^,  WO4 Za*^,  Ca™, 


TABIE  3.  Half  Wave  Potentials  of  Cenain  Ions  in  1  M  Sodium  Salicylate 
(relative  to  the  saturated  calomel  electiode) 


vH 

1 

• 

f 

e 

n 

Pb»* 

f 

f 

—9.60, 

—0.63a 

Cu** 

f 

I 

1 

c 

As'“ 

h 

h 

h 

-0,13c 

Sb‘“ 

h 

h 

h 

-0,111 

Sb^ 

f 

f 

—1,14b 

—1,13a 

Pd»* 

h 

— 0.6e 

— 0,62d 

— 0,66d 

00^ 

-1.18b 

— li25d 

-l.lOd 

—Os  98b 

Mn** 

-1.53a 

-1,58a 

—1.64a 

—1,75a 

NI** 

-l.Old 

-1.04d 

-l,12d 

— l,17d 

—1,36a 

-1,37b 

—1,38;  — 1.55d 

h 

— 1.20d 

-l,24d 

— l,32d 

-1.47d 

vol 

-0.70;  -1.15k 

-0,72;  —1,17k 

-0,74;  -1,20k 

-0,81:  —1,22k 

Ti*'^ 

—0,87;  —1.70k 

-0,99;  -1.39k 

—1,15a 

-!.32a 

MoOT 

1 

h 

h 

h 

VO,- 

1 

f 

-1,32b 

—1.68b 

Oe''^ 

-1,29b 

-1.31b 

-1.43b 

—1.59b 

ln»* 

-0,58b 

-0,73b 

—0,89b 

—1,12b 

Nrtc.  The  fcllowirg  ions  do  net  give  a  polaicgraphic  wave:  Pc**,  Fe***,  Ga***,  Aa'^, 

^  II  ^  IV  „  IV  , IV  ^  IV  „  II  .IV  ^  in  ,  in  n 

Sn  ,  So  .  Au  .  Pt  .  WC^  .  Zr  .  Ce  ,  Be  ,  Th  ,  Ga  .  B1  ,  Cd  . 


Notes  to  Tables  1»3.  a)  well  developed  symmetrical  wave  with  s  diffusion  character,  suitable  for  analytical 
use;  b)  developed  wave  with  a  diffusion  character;  c)  readily  measuted  anodic  wave  suitable  for  analytical  use;  d) 
poorly  developed  double  wave;  only  an  approximate  value  for  the  half  wave  potential  is  given,  this  value  being  the 
mean  of  the  half  wave  potentials  of  both  waves;  e)  wave  difficult  to  measure;  0  precipitate  formed;  g)  oxidation 
-  reduction  wave;  h)  the  ion  does  not  give  a  reduction  wave  in  the  given  potential  range;  i)  a  drop  In  hydrogen  over¬ 
voltage  star:ai  k)  a  double  wave  Is  formed;  1)  anodic  wave  difficult  to  measure. 

Half  wave  potentials  were  measured  relative  to  a  raturated  calomel  electiode. 
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Fig.  1.  Determination  of  nickel  in  cobalt.  1)  1  M 
sodium  salicylate  (9ml)  ♦  0.01  M  NiS04  a  m!);  2) 

1  M  sodium  salicylate  (8ml)  ♦  0.01  M  NiS04  0  nil) 
♦  0.1  M  CaS04(l  ml):  3)  1  M  sodium  salicylate 
(8  ml)  *  0.01  M  NiS04  Oml)  -s  1  M  C0SO4  a  ml); 

4)  1  M  sodium  salicylate  (8  ml)  *  0.01  M  NiSQi 
(1  ml)  ♦  1.55  g  C0SO4.  Storage  battery  2  t;  S 
«  1/30;  polarograms  taken  from- 0.8  tr  in  a  iii> 
trogen  atmosphere. 


Possibilities  of  the  Practical  Use  of  Hydroxy  Arids  In 
Polamgraphic  Analysis.  It  follows  from  the  value  of  the  half 
wave  potentials  found  that  it  sould  be  possible  to  use  hydroxy 
acids  in  polarographic  practice.  An  interesting  example  la 
the  possibility  of  determining  nickel  in  the  presence  of  cobalt. 
On  the  basis  of  preliminary  resulu  it  should  be  pouible  to 
determine  nickel  even  at  a  ratio  of  Ni :  Co  *  1  :  1000  in  • 
supporting  electrolyte  of  1  Ki  sodium  salicylate  (pH  12*14); 
under  these  conditions  nickel  gives  a  readily  measured  wave* 
while  cobalt  is  not  reduced.  Since  the  nickel  wave  depends 
to  some  extent  on  the  presence  of  cobalt  in  solution,  the 
method  of  standards  should  be  used.  The  experimental  error 
in  determining  nickel  does  not  exceed  the  usual  experimental 
error  of  the  polarographic  method  (Fig.  1). 

Another  interesting  example  is  the  possibility  of  4e* 
termlning  iron  In  the  presence  of  high  concentrations  of 
manganese  by  usinga  supporting  electrolyte  of  1  M  sodium 
malate  (pH  8-i.j.  Despite  the  fact  that  athigh  manganese 
concentrations  in  the  given  medium  a  precipitate  is  formed, 
the  iron  is  not  adsorbed.  Fig.  2  shows  some  polarcgratro  of 
a  solution  containing  iron  and  manganese,  the  latter  at  • 
comparatively  high  corKentratior;  th^  method  of  rtarxlard 
additions  is  used.  Ci^  * ,  Crc(  .  Pb*  ,  and  110$  ^iom  In* 
terfere  with  iron  determination. 


Fig.  2.  Polarograms  demonstrating  the  possibility  of  determining  iron  in  the 
presence  of  manganese.  Supporting  electrolyte  1  M  sodium  malate  (pH  9) 

(8  ml)  ♦  1  M  MnS04  (1  ml).l)  Elecuolyte  ♦  1.094  mg  Fe*  ;  2)  electrolyte 
♦  0.250  mgFe*  ;  3)  electrolyte  ♦  0.469  mg  Fe*  ;  4)  electrolyte  ♦  0,C91 
mn  Fe*  ;  5)  electrolyte  ♦  1.016  mg  Fe*  ♦  Fe*  6)  electrolyte  ♦  0.047 
Fe*  .  Storage  battery  2  v;  S  «  1/30;  polarograms  taken  from  —  0.1  v 
(saturated  calomel  electrode)  in  a  nitrogen  atmosphere. 

SUMMARY 

A  study  hat  been  made  of  the  behavior  of  35  ions  in  solutions  of  latic.  malic,  and  salicylic  acids,  and  in  so* 
lutioru  of  the  salts  of  these  acids,  and  their  half  wave  potentials  have  been  determined.  The  reiiults  obtained  show 

that  it  should  be  possible  to  determine  iron  analytically  in  the  presence  of  large  amounts  of  mar:ganete  (n  an  alkalirse 
solution  of  sodium  malate. 


407 


LfTBRATURB  CITED 

1.  Brrda.  E.  K..  Meites  L..  Reddy  Th.  B..  Wot  Ph.  W..  Anal.  Chim.  Acta  14.  390  (19S6). 


40t 


THE  COLOR  OF  THE  INNERCOMPLEX  SALTS  OP  BISMUTH  WITH 
DITHIZONE  AND  ITS  DERIVATIVES 
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The  method  of  to-called  free  electron  gas  models  hu  proved  to  be  kt'e  most  successful  approach  for  explaining 
the  nature  of  the  color  of  organic  dyes  [1*^].  Kuhn  [2]  has  adopted  this  m>  diod  for  calculating  the  maximum  wave 
length  In  the  absorption  tpecua  of  various  symmetrical  and  uiuymmetrlcal  organic  dyes  (triphenylmethane.  anduacene 
dyes,  etc).  Sano  [6-8]  has  used  the  method  of  free  electron  gas  models  for  explaining  the  relationship  between  the 
nature  of  the  metal  —  oxygen  bond  and  the  change  in  color  of  a  reagent  during  complex  formation.  The  author  cal> 
culated  the  maximum  wavelengths  in  the  absorption  spectra  of  complexes  of  phenylfloorone  derivatives  with  Group 
IV  elements,  and  also  quantitatively  evaluated  the  value  of  the  polarity  of  the  metal  —  oxygen  bond  for  the  phenyl* 
fluoronates  of  the  same  elements.  At  die  ionic  character  of  this  bond  increases,  the  absorption  maximum  of  the  metal 
phenylfluoronate  shifts  toward  the  longer  wavelengths,  i.e.  toward  the  absorption  maximum  of  the  reagent  anion. 


We  have  applied  the  method  indicated  to  the  innercomplex  compounds  of  bltmudi  s’ith  1.  5 -diphenyl thiocaiba- 
zone  (dithizone)  derivatives.  We  calculated  the  maximum  wavelengths  of  the  absorption  of  solutions  of  the  complexes 
formed  between  bismuth  and  dithizone  derivatives  in  a  number  of  organic  solvents.  The  calculated  values  were  found 
to  be  in  good  agreement  with  the  experimentally  determined  wavelengths  of  the  absorption  maxima  of  the  same  com* 
plexes  of  bismuth  with  dithizone  derivatives  can  be  calculated  when  die  maximum  absorption  wavelengths  of  the 
dithizone  anion  and  of  the  anion  of  the  conesponding  dithizone  derivative  and  bismuth  dithizonate  are  known.  The 
general  mathematical  expression  for  the  maximum  absorption  is  of  the  form: 

=  A£  =  A£,  -f-  Ac  +  At',  (1) 

*m«* 

where  is  the  energy  difference  between  the  highest  fundamenul  state  and  the  lowest  excited  state  of  die  free 
elecuon  gas  in  the  anion  of  the  organic  dye;  Ac  ii  a  value  characterizing  the  change  in  the  position  of  the  absorption 
spectrum  of  the  dye  which  is  related  to  the  formation  of  a  complex  and  is  calculated  from  the  absorption  maximum 
of  the  metal  complex;Ac'  is  a  value  characterizing  die  change  in  the  position  of  die  absorption  spectrum  of  the  dye 
which  is  caused  by  the  introduction  of  a  substituent  into  the  dye  molecule,  and  is  calculated  from  the  absoiptlon  maxi* 
mum  of  the  anion  of  the  orgin!c  iye  derivative.  In  our  case  tbe  values  of  A^.  Ac  and  Ac*  are  expressed  as  follows: 


AE»  «  (N  ♦  l)/8mcL*  »  ^ 


Ac 


^max  of  the  dithizone  anion 

1 

max  metal  dithizonate  ^nax  of  the  dithizone  anion 


Ac '  ■  4V|aIL 


■)  ' 


^max  anion  of  the  dithizone  derivative  ^max  of  the  dithizone  anion 


.V 


/ 


where  N  is  the  number  of  n  -electrons  in  the  chain  of  the  dithizone  molecule  (N  >  2J  ♦  2.  where  J  is  the  number  of 
double  bonds  in  the  chain  of  the  dithizone  molecule),  m_  is  the  mass  of  an  electron,  c  is  the  velocity  of  light, 
h  is  Planck's  constant,  L  is  the  length  of  the  chain  of  die  organic  dye,  V|  is  the  potential  energy  of  the  movement  of 
V  -electrons  along  the  chain  L|  V|  and  a  ';haracterlze  die  change  in  potential  energy  of  the  v  -electrons  on  introducing 
a  substituent  into  the  molecule  of  the  organic  dye*  • .  From  equation  (1).  by  substituting  die  value  of  each  member, 
we  obtain  the  following  simple  relation  for  calculating  the  absorption  maximum  of  solutions  of  the  complexes  of  bis* 
muth  with  dithizone  derivatives: 


•  The  formula  given  in  [7]  is  Incorrect 

•  •  For  the  physical  significance  of  V|,  a.  V|,  etc  see  [2,  4). 
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1  1  ^  1  1 

*  ^max  of  bismuth  dithIxoDate  *  ^max  of  the  anion  of  the  dithlxone  derivative  ^max  of  the  dlthlzone  anion 

(2) 

Our  problem  consisted,  therefore,  in  finding  the  absorption  maxima  of  the  anionic  forms  cf  dlthirooe.  of  its 
derivatives,  and  of  bismuth  dithlzonate,  and  calculating  by  meant  of  formula  (2)  the  absorption  maxima  of  solution! 
of  the  complexes  of  bismuth  with  dithlzone  derivatives  in  an  organic  solvent. 

EXPERIMENTAL 

RcaRents.  1.  The  stock  solution  cf  bismuth  nitrate  was  prepared  by  dissolving  analytical  grade  Bi(NO^)|  •  5H|0 
in  dilute  nitric  acid.  The  concenuation  of  the  solution  was  established  by  three  gravimetric  methods:  phosphate. 
8'hydroxyquinoline.  and  ammoniacal  methods  [9].  One  ml  of  die  solution  prepared  was  found  to  contain  20.82  mg 
Bi.  Working  solutions  were  prepared  by  suitable  dilution  of  the  stock  solution. 

2.  Dithizone  was  purified  by  Markova’s  method  [10]. 

3.  The  dithlzone  derivatives  were  prepared  by  forraazyl  mediod 


Fig.  1.  Absorption  spectra  of  the  anionic  (Dz*)  xnd  molecular 
(HDz)  forms  of  dithizone  and  of  its  complex  with  bismudi  (BIDS|V 
1)  HDz  in  CCl4t  2)  Dz'in  0.7  M  NaOl^  3)  BlDz«  in  CCff. 

The  solutions  of  the  thlocarbazones  in  organic  solveno  had  a  concentration  of  1  *  10*^  M. 

4.  The  organic  solvena  were  purified  by  distillation  and  their  purity  checked  by  refractive  index  measure* 
ments. 

5.  NaOH.  0.7  N  solution. 

The  optical  density  of  the  solutions  was  measured  on  a  SP-4  spectrophotometer  using  cylindrical  cells  with 
1  *  4.11  mm,  relative  to  the  pure  solvent. 

We  obtained  the  absorption  spectra  of  solutions  of  the  thlocarbazones  and  of  their  complexes  with  bismuth  in 
organic  solvents,  and  also  the  absorption  specua  of  the  anionic  forms  of  the  thiocarbozones  in  0.7  N  sodium  hydroxide. 
Extraction  of  bismuth  with  the  thiocati*azones  was  carried  out  at  the  optimum  pH  value  of  6-8  which  we  had  esublished 
earlier 

In  Figs.  1  and  2  are  shown  the  absorption  specua  of  solutions  of  dithizone  and  of  p*tolyltiiiocaibazone  in  their 
ionic  (in  0.7  N  NaOH)  and  molecular  (in  CCI4  solution)  forms,  as  well  u  the  absorption  specua  of  solutions  of  their 
complexes  witii  bismuth.  The  absorption  spectrum  of  the  complex  is  intermediate  between  the  absorption  specua  of 
the  couesponding  thiocarbazone  in  its  ionic  and  molecular  forms  (here  and  for  the  rest  of  the  article,  when  we  re* 
fer  to  the  molecular  form  of  thiocarbazone  we  sh;.ll  only  have  the  keionic  form  is  mind). 

The  differerKe  in  the  absorption  maxima  of  the  thlocarbazones  in  their  acid  and  alkali  forms  lies  within  the 
range  lSO-160  mp  (Table  1). 
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TA5LE  1.  Abiorptlon  Maxima  of  Thlocarbazonea  in  their 
Acid  (Ketone)  and  Alkali  Forma  (mil) 


Reagent 

Acid 

form, 

X|,m|i 

Alkali 

form. 

X|,mp 

Xi~X|, 

mp 

1.5-Diphenylthiocarbazone 

620 

470 

150 

p-Tolylthiocarbazone 

632 

480 

152 

0  -  Tol  y  1  th  loc  a  rb  azone 

630 

470 

160 

5  -Naphthylthiocarbazone 

660 

500 

160 

a-Naphthylthiocarbazcne 

665 

500 

165 

p-Chlorothiocaib  azone 

635 

480 

155 

p-Bromoth!ocaib  azone 

638 

480 

158 

p-Iodo  thiocarbazone 

645 

490 

155 

0 -I  odo  th  loc  a  rb  azone 

640 

475 

165 

p-Anisylthiocarb  azone 

640 

485 

155 

0  -  A  n  1 1  y  1  th  loc  arb  azone 

645 

490 

155 

p-Nitrothiocarbzone 

• 

505 

•  p-Nltrothiocaibazone  it  tepreaented  in  aolutioa  onlyas 
the  enol  form  with  a  maximum  abaorptioo  at  455  mti . 


Table  2  conuin  the  abaorptlon  maxima  of  the 
complexes  of  bismuth  with  didiiiooe  dcilvativei  cal> 
culated  by  meant  of  fonnula  (2)  and  found  expert* 
mentally  for  solutions  in  caibon  tetrachloride,  benzene, 
and  chloroform;  the  absorption  maximum  of  the  com* 
plex  of  bismuth  with  p-niuothiocarbazooe  it  given  for 
its  solutions  in  nitrobenzene. 

In  the  cate  of  the  thiocaibazonet  studied  therefore, 
we  observe  a  phenomenon  which  is  conuary  to  that 
observed  in  the  cate  of  other  Imown  organic  reageota; 
the  anionic  form  of  most  known  organic  dye-reagentt 
has  a  deeper  color  dian  the  acid  form.  Since,  during 
complex  formation,  a  radical  —  metal  bond  develops 
which  it  more  polar  than  the  radical  —  reagent  *H 
bond  (i.e.  the  ionic  character  of  the  bond  increases), 
the  complex  has  a  deeper  color  than  the  acid  form, 
and  a  less  Intensecolor  than  the  alkali  form  of  the  re* 
agent.  In  the  cate  of  the  thiocaibazones  on  0)c  odser 
hand  the  anionic  form  has  a  less  interne  color  than 
the  acid  (ketonic)  form,  and  complex  formation  leads 
to  a  shift  in  the  absorption  maximum  of  the  acid  form 
of  the  reagent  toward  the  short  wave  side  of  the  spectrum. 


It  u  clear  from  Tables  1  and  2  diat  the  shift  in  the  absorption  maxima  of  the  complexes  of  bismuth  with 
thiocarbazone  with  respect  to  the  anionic  form  of  the  reagent  is  a  coratant,  in  all  cases  e<iual  to  20*25  mp.  The  iimer* 
complex  salts  of  bismuth  with  dithlzone  and  its  derivatives  are  more  intensely  colored  than  the  color  of  the  cones* 
ponding  reagent  in  the  anionic  form,  dius:  a  yellow  colored  anion  corresponds  to  an  orange  colored  complex  (didilzooe. 
o'tolyithiocarbazone),  an  orange  colored  anion  conesponds  toa  red-rose  colored  complex  (p-tolyl.  p-,o-anlsyl*, 
p*iodothiocarbazone*;,  while  a  rote  colored  anion  corresponds  to  a  raspberry  colored  complex  (a-  and  0-oaphdiyl* 
dilocarbazones). 


In  order  to  compare  the  color  of  tolutioru  of  the  innercomplex  salts  of  bismuth  with  the  thiocaibazones  with 
that  of  the  conesponding  solid  salts,  we  prepared  the  talo  of  bismuth  with  dithizone.  0-naphdiyl-.  p-tolyl*,  and 


Fig.  2.  Absorption  spectra  of  the  anionic  (R*)  and  molecular 
(HR)  forms  of  p-tolylthiocsrbazone  and  of  its  complex  with 
bismuth  (BlI^)  1)  HR  in  CCI4;  2)  R*  in  0.7  M  NaOH;  3)  Bil% 
inOCl4. 
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TABLE  2.  Abtorptloo  Maxima  of  Solutions  of  *he  Complexes  of  Bismuth  with  Derivatives  of  1, 6 -Di phenyl thiocaibasoM 
(Dithizone)  (A)  (the  Experimentally  Determined  Absorption  Maximum  of  Bismuth  DIthlionate  in  CCI4.  CHClg,  and 
QHc  was  Found  at  49S0  A,  while  In  Nitrobenzene  it  was  found  at  5000  A) 


Reagent 

Solvent 

CCI4 

C,H, 

CHCl, 

Nltrobe 

nzene 

^max 

found 

B9 

^max 

found 

HQI 

^max 

found 

mMm 

^max 

found 

^max 

calcu* 

lated 

p-Tolylth.#  ,.1:.*  .  ne 

5050 

5055 

5050 

5055 

5050 

5055 

- 

- 

O'Tolylthio  .-utazone 

4900 

4950 

— 

— 

— 

— 

— 

— 

0  -Naphthylthiocarbazone 

5200 

5266 

5250 

5266 

5250 

5266 

— 

— 

a  -  Naphthylthioc  arbazone 

5200 

5266 

— 

— 

— 

— 

* 

p-ChlotD  thiocarbazone 

5050 

5055 

5050 

5055 

5050 

5055 

P'Bromothiocarbazone 

5000 

5055 

— 

— 

— 

— 

— 

P'lodo  thiocarbazone 

5050 

5169 

5100 

5160 

5100 

5160 

— 

— 

0 -lodothioc  a  rbazone 

4950 

5002 

- 

- 

- 

- 

- 

— 

p  -  A  nisy  1  thioc  arb  azone 

5100 

5107 

5100 

5107 

5100 

5107 

— 

— 

0 -Anisyl  thioc  arbazone 

5105 

5160 

— 

— 

5150 

5160 

— 

* 

p-Nitto  thiocarbazone 

— 

— 

— 

— 

* 

5350 

5378 

P'iodothiocarbazones  In  the  solid  form  according  to  the  following  methods  (14). 

Excess  Bi  (ClQr  v  was  aJc .  ^  €<ri  ac  .tone  solution  of  the  thiocaibazone  and  the  mixture  allowed  to  stand  until 
complete  deposition  o<  precipits'c  occured.  The  precipitate  was  filtered  off,  washed  with  water,  and  dried  in  a 
desiccator  over  sulfuric  acic.  Tne  innercomplex  tala  formed  between  bismuth  and  the  thiocaibazotses  bad  a  metallic 
lustre,  their  color  in  the  solid  from  corresponding  to  that  in  organic  solveno  (because  of  the  high  color  intemlty.  in 
order  to  establish  the  color  of  Ca  blstruth  talo  with  the  thiocarbazone.  they  were  ground  with  NaCl). 

The  absorption  maximum  of  a  solution  of  the  solid  salt  of  bismuth  with  a  thiocarbazone  coincides  with  that  of 
the  corresponding  salt  obtairred  by  direct  extraction  of  bismuth  with  a  solution  of  the  thiocarbazone  in  an  organic 
solvent.  Comparison  of  the  resulu  obtained  allows  one  to  suggest  that  the  nature  of  the  bond  between  bismuth  and  the 
radical  in  die  compounds  with  dithizone  and  ia  derivatives  is  approximately  the  tame,  both  in  the  form  of  solutions 
in  solvena  of  low  polarity,  and  in  die  solid  sure. 


SUMMARY 

Maximum  absorption  wavelengdis  have  been  calculated  for  solutions  of  the  innercomplex  tala  of  bismuth 
with  derivatives  of  l.S-dipheaylthlocarbazoDC  (didiizone)  in  a  number  of  organic  solveno.  The  calculated  values 
of  the  absorption  maxima  are  in  good  agreement  with  experimentally  determ'ned  values. 

In  order  to  compare  the  color  of  solid  and  dissolved  innercomplex  salo  of  bismuth  widi  thiocaibazones.  solid 
salo  of  bismudi  with  dithizone.  0  'naphthyl-,  p-tolyl-.  and  p-iodothiocatbazones  were  prepared.  The  color  of  the 
solid  salo  ana  of  solutions  of  the  same  salu  in  organic  sovlenu  with  low  polarity  were  found  to  be  almost  Identical 
in  the  case  of  the  bismuth  compounds  with  dithizone.  0 -naphthyl',  p-tolyl-,  and  p-lodothiocarbazones;  i.e.  the 
solid  and  dissolved  salt  are  in  approximately  the  same  ionic  state. 
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A  NEW  COMPLEXOMETRIC  METHOD  FOR  DETERMINING  SULFATES 
IN  THE  PRESENCE  OF  CALCIUM  AND  MAGNESIUM 
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Previously  we  have  described  several  methods  the  complexomettic  determination  of  barium  and  sulfates  using 
sodium  rhodizonate  as  indicator  [1].  During  determination  of  sulfates  in  solutions  containing  calcium  and  magttesium. 
the  sulfates  were  removed  as  BaS04.  the  laner  was  disscUed  in  excess  of  the  latter  back-tiuated  with  barium  chloride 
soludoo. 

In  order  to  develop  a  simplet  and  more  rapid  method  which  would  not  require  separation  of  sulfates  as  BaS0i|. 
we  adopted  Casini's  method  [2]  as  a  basis,  and  modifiec  it  ty  replacing  the  complexometric  titration  based  on  neutral¬ 
ization  with  acid'base  indicators,  with  complexometric  titration  in  the  presence  of  itKlIcaton  which  are  specific  for 
the  ions  it  it  required  to  determine  in  solution.  The  method  developed  permits  determination  of  total  Ca  *  Mg  on  an 
aliquot  of  test  solution,  titration  being  carried  out  with  EDTA-Na  in  the  presetx:e  of  eriochtome  black  T|  on  another  ■ 
aliquot  of  solution,  after  precipitation  of  sulfates  with  a  known  amount  of  barium  chloride,  the  total  content  of  calcium, 
magnesium,  and  barium  remaining  in  solution  is  tiuated  widi  a  solution  of  EDTA-Na  In  the  presence  of  sodium  the- 
dizonate.  In  this  way  total  Ca  *  Mg  ♦  Ba  -  SO4  it  detemi'.ned.  Knowing  the  total  content  of  Ca  ♦  Mg,  the  sulfate 
content  of  the  solution  can  be  calculated. 

Although  the  method  modified  in  diis  way  permits  the  sulfate  content  to  be  determined  readily  with  reasonable 
accuracy,  there  is  still  the  drawback  that  one  had  to  work  widi  another  indicator  and  with  another  solution  of  com- 
plexon  in  each  of  the  two  titratiops. 

It  has  been  shown  earlier  [1],  that  after  dissolving  the  barium  sulfate  in  excess  EDTA-Na  (Na4T  ♦  BaSQ|  -*Na| 

BaT  Na|S04).  on  titrating  exceu  of  the  complexon  with  barium  chloride  solution,  also  added  in  an  amount  which 
is  in  excess  of  that  required  for  reaching  the  equivalence  point,  the  barium  sulfate  is  not  precipitated  again.  Under 
these  condtitions  the  solution  remains  completely  clear.  When  a  solution  containing  barium  sulfate  dissolved  In 
exceu  complexon  is  used  for  titrating  any  solution  of  barium  chloride,  formation  of  BaS04  is  not  observed,  probably 
the  result  of  the  formation  of  a  compound  containing  Ba*  .  804*'  ions  and  ediylenediamineteuacetlc  acid. 

The  method  developed  for  the  determination  of  sulfates  in  the  presence  of  calcium  and  magnesium  it  bated 
on  the  use  of  this  phenomenon;  the  method  is  distinguished  by  its  rapidity  and  simplicity.  Taking  into  account  that 
the  stability  of  the  complexonates  of  the  alkaline  earth  metals  decreases  in  the  series  Ca  >  Mg  >  Ba.  their  sum  can 
be  determined  by  complexometric  titration  in  the  presence  of  an  Indicator  for  Ba*^  iom,  sodium  rhodizonate.  The 
results  obtained  are  accurate  and  reproducible  (Table  1). 


Table  1.  Determination  of  Ca**  ♦  M^*  ♦  Ba**  In  the  Presence  of  Sodium  Rhodizonate 


Content  (equivalenu)  | 

Totally  determined' 
continents  (equive 

\ 

Bs'*-  j 

Total  1 

0,0015 

0,0050 

0,0065 

0,00650 

O,0C.2O 

— 

0,0050 

0,0070 

O.OOCOB 

0,0025 

— 

O.OOfiO 

0,0075 

0,00750 

— 

0,0010 

0,0050 

0,0060 

0,00599 

— 

0,0015 

0,0050 

0,0065 

0,00650 

— 

0,0025 

0,0050 

0,0075 

0,00750 

0,0025 

0.0010 

0,0050 

0,0085 

0,00662 

0.0040 

0.0020 

0,0050 

0,0110 

0.01101 

0.0040 

0.0020 

0,0100 

0,0160 

0,01605 

0,C050 

0,0030 

0,0100 

0,0180 

0;0182 

•  Tramlated  from  French  by  P.  K.  Agasyan. 
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When  a  known  amount  of  barium  chloride  solution  taken  In  exceu  is  added  to  solutions  containing  calcium  and 
magnesium  in  the  presence  of  sulfates.  BaS04  is  precipitated  in  an  amount  corresponding  to  the  sulfate  content;  further 
complexometric  liiratlon  gives  the  value  of  total  Ca  -f  Mg  ♦  Ba-  SO*  (I)*. 

But  if  a  known  amount  of  complexon  solution  gieatet  than  that  which  corresponds  to  the  sulfate  content  is 
added  to  the  test  solution,  the  sulfate  ic:u  will  be  masked^othaton  addition  of  excea  barium  chloride  solution  the 
test  solution  remains  completely  clear,  as  if  there  were  no  sulfate  ions  present  at  all  In  tolutloo. 

By  continuing  tluat  ion  with  complexon  solution  the  value  of  total  Ca  ♦  Mg  *  Mg  (11)  is  obtained.  Since  die 
amount  of  barium  chloride  added  is  Imown,  it  it  possible  to  find  total  Ca  ♦  Mg  by  difference. 

The  sulfate  content  it  determined  by  the  difference  between  the  valuesll  and  L 

Reagcntt  Used.  O.OSN  Tetrasodium  ethylenediaminetetracetate  solution.  9.3063  g  EDTA>Na  and  1.9-1.95  gof 
granulated  NaOH  are  dissolved  in  a  small  amount  of  distilled  water  in  a  one  liter  standard  flask,  and  the  volume  made 
up  to  the  mark  with  distilled  water.  It  it  standardized  against  standard  barium  chloride  solution. 

Indicator  Solution.  About  20-30  mg  of  sodium  thodizonate  is  shaken  up  with  2  ml  of  distilled  water.  The  solution 
should  be  prepared  daily. 

V%  Alkali  Blue  Solution.  An  approximately  V%  aqueous  solution  of  alkali  blue  is  prepared. 

Buffer  Solution.  This  consists  of  200  ml  of  a  solution  containing  2  g  ammonium  chloride  and  25  ml  of  a  25^ 
ammonia  solution. 

Analytical  Procedure.  In  order  to  check  the  method,  two  aliquots  of  a  neutral  or  a  weakly  acid  solution  contain 
Ing  known  amounu  of  sulfate,  calcium,  and  magnesium  are  taken  and  diluted  to  a  volume  of  about  100  mU 

A  krrawn  excess  of  0.05  N  barium  chloride  (20-25  ml)  is  added  to  the  first  aliquot,  die  liquid  is  boiled  for  2-S 
min  until  the  sulfate  has  been  completely  precipitated  as  BaSO*.  and  then  cooled  to  room  temperature.  A  few  drops 
of  sodium  thodizonate  solution  is  added  until  the  characteristic  rose  color  appears,  3  ml  of  buffer  solution  is  then 
added, followed  by  alkali  blue  solution  until  the  test  solution  has  a  bluish-violet  color.  The  solution  is  titrated  widi 
0.05  N  EDTA-Na  solution  to  the  equivalencepoint,vhere  the  color  of  the  solution  changes  to  a  pure  green  at  a  result 
of  the  superposition  of  the  supplementary  colors  of  the  indicaton  [13. 

The  amount  of  EDTA-Na  used  up  in  this  titration  (A  ml)  corresponds  to  the  content  of  Ca  *  Mg  Ba  ~  SO*. 

To  the  second  aliquot  is  added  an  accurately  measured  volume  of  EDTA-Na.  the  amount  added  being  leu  than 
that  used  for  titrating  the  fint  aliquot.  Buffer  solution  is  then  added,  followed  by  the  same  'mount  of  barium  chloride 
as  that  added  to  the  fint  aliquot,  and  the  sodium  thodizonate  and  alkali  blue  solutions.  Since  precipitation  of  sulfate 
is  prevented  in  this  case,  titration  of  the  completely  clear  solution  with  the  standard  EDTA-Na  solution  measured  out 
from  the  same  buret  is  continued  until  the  color  of  the  test  solution  changes  to  a  pure  green  color.  The  total  of  EDTA- 
Na  solution  used  in  this  case  (B  ml)  is  greater  than  the  volume  used  in  titrating  the  fint  aliquot,  and  corresponds  to 
its  content  of  Ca  ♦  Mg  <f  Ba. 

The  sulfate  content  is  calculated  by  means  of  the  following  equation: 

SO^  =  (B  —  A)  0.0024016  g  in  the  test  material. 

Since  the  amount  of  0.05  N  bairum  chloride  added  to  the  aliquots  is  known,  total  Ca  *  Mg  is  found  by  difference, 
using  the  rcsulu  obtained  during  titration  of  the  second  aliquot.  The  calcium,  magnesium  and  sulfate  content  can  be 
determined  from  the  results  of  a  complexometric  titration  of  calcium  in  a  new,  separate  aliquot  ol  the  test  solution 
in  the  pretence  of  murexlde. 

Table  2  contains  results  for  the  determination  of  sulfate  in  dilute  solutions  containing  various  amounu  of  cal¬ 
cium  and  magnesium. 

Application  of  the  Method  for  the  Analysis  of  Natural  Water.  The  method  suggested  has  been  succeufi'fly  used 
for  the  determination  of  sulfate  in  drinking  and  industrial  water,  which  usually.ln  addition  to  the  alkali  and  alkaline 
earth  metals,  also  contain  some  iron  and  traces  of  other  materials  which  do  not  appreciably  affect  the  experimental 
results. 

The  bicarbonate  content,  I.e.  the  temporary  hardr.ess,is  determined  first  by  titrating  100  ml  of  water  with  0.1  N 
hydrochloric  acid  in  the  presence  of  methyl  orange.  Hydrochloric  acid  in  an  amount  0.1 -0.2  ml  greater  than  that 
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TABLE  2.  DetermlDaiicn  of  sulfate  In  the 
Presence  of  Calcium  and  Magnesium 


S(J|'  content  of  the  test  sample,  g 


Taken 

Found  complexo* 
metrically 

0.(X1240 

0,00245 

0,00 180 

0,00492 

O.tWW) 

0,00970 

O.OILIW 

0,01200 

0,04803 

0,04827 

TABLE  S.  Determination  of  the  Sulfate 
Content  of  Natural  Water 


SC^  found,  q/liter 

! 

Cravimetrically 

Complexometrl- 

cally 

0,03404 

0,03362 

0,05041 

0,05043 

0,05620 

0,05380 

0,04032 

0,04528 

0,05280 

0,05043 

used  in  the  bicarbonate  determination  is  added  to  another  sample  and  the  liquid  heated  for  2-3  min.  Afur  cooling 
to  room  temperature  the  sulfate,  calcium,  and  magnesium  content  is  determined  as  described  above. 

In  this  way  the  sulfate,  bicarbontae,  calcium,  and  magnesium  contenu  are  detcrminedtas  well  as  die  hardness 
of  the  water  (temporary,  permanent,  and  total). 

Results  of  the  detexminatioa  of  sulfate  in  drinking  and  industrial  water  by  the  suggested  method  and  by  the 
clauical  gravimetric  method  are  compared  in  Table  3. 

SUMMARY 

A  new,  rapid,  and  accurate  method  has  been  developed  for  the  determination  of  sulfate  in  the  presence  of 
calcium  and  magnesium. 

The  method  has  been  successfully  used  for  die  analysis  of  drinking  and  industrial  water,  and  good  results  have 
been  obtained;  '**  addition,  this  method  has  the  advantage  that  it  is  possible  to  determine  total  Ca  ♦  Mg  by  the  same 
procedure. 
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DETERMINATION  OF  MICROAMOUNTS  OF  COPPER  IN  WATER. 
SOILS.  AND  BIOLOGICAL  MATERIALS  BY  MEANS  OF  NICKEL 
DIETHYLDITHIOPHOSPHATE 


A.  A.  Nemodruk  and  V.  V.  Stasyuchenko 

V.  I.  Vemadskii  Institute  of  Geochemisuy  and  Analytical  Chemistty, 
Academy  of  Sciences.  USSR,  Moscow 

Translated  from  Zhumal  Analltlcbeskoi  Khimll*  Vol.  16.  No*  4, 

pp.  407-411,  July  -  Auguit,  1961 

Original  article  submitted  December  28. 1960 


A  large  number  of  methods  have  beensuggested  for  the  determination  of  copper  in  water,  soils,  and  materials  of 
plant  and  animal  origin  [1-12].  Of  these  methods  the  most  widely  used  are  photometric  methods  [1'4.  6-8, 10.  12]. 
and  In  particular  the  method  Involving  sodium  diethyldithiocarbamate  [4.  7, 10].  This  latter  reageit;  however.  It 
not  specific  enough  and  it  inferior  in  this  respect  to  a  number  of  other  reagents,  including  dlpheny Uarbazone  [1]. 
potassium  or  nickel  diethyldithiophotphate  [2,  13],  and  2,2'-diquinolyl  [3].  Comparative  detennln.tton  of  copper  by 
meant  of  the  diree  reagents  indicated,  in  toils  and  plants,  has  shown  diat  good  results  can  be  obtalmd  only  when  the 
first  two  reagents  are  used.  In  order  to  determine  copper  by  meant  of  2,2'-diquinolyl  it  is  necestaT^  to  remove  moat 
of  the  interfering  elements  beforehand.  In  this  connection  therefore  we  have  only  examined  in  d^ul  the  two  medsoda 
Involving  diphenylcarbazone  [1]  and  nickel  diediyldlthlophosphate  with  respect  to  their  application  to  the  determin¬ 
ation  of  small  amounts  of  copper  in  water,  soils,  and  biological  mateilala. 

*1  the  course  of  the  work  described  here,  it  was  establbhed  diat  the  presence  of  nitric  acid  In 'he  aohitloai 
obtained  after  decomposition  of  samples  of  soil  or  plant  material  Interferes  with  the  determirutioncif  copper  by 
means  of  nickel  diethyldithiophosphate.  The  results  obtained  in  the  presence  of  nitric  acid  are  low.  Thus  during 
determination  of  copper  in  plant  material  in  which  10  ml  of  dilute  nitric  acid  (1:2)  was  used  for  ttuuing  die  ash 
obtained  after  combustion  and  calcining  of  an  aliquot,  the  results  were  found  to  be  10-l&)ii  lower  dm  those  obtained 
for  the  same  material  during  other  experiments  in  which  the  nitric  acid  was  removed  beforehand  fom  the  solution 
(by  adding  concentrated  sulfuric  acid  and  evaporating  to  the  appearance  of  white  fumes  of  H}S04).  ^tltric  acid  inter¬ 
feres  in  the  same  way  during  determination  of  copper  in  aolla. 

The  optimum  concentration  of  reagent  added  was  establihsed  by  making  the  folllowing  slight  nodificatioo  to 
the  method  of  determining  copper  in  soils  and  biological  materials  by  meatu  of  nickel  diethyldithiqihosphate  [2]. 

Busev  and  Ivanyutin  (2. 13]  have  shown  that  one  essential  drawback  in  the  determination  of  copper'ly  meam  of 
potassium  or  nickel  diethyldithiophosphate  is  the  partial  conversion  under  certain  conditions  of  cuptc  diethyldidiio- 
phosphate  into  cuprous  diethyldithiophosphate,  this  being  accompanied  by  a  drop  in  the  Inteiuity  of  the  yellow  color 
of  the  solution.  They  also  established  that  this  comrenlon  only  proceeds  at  an  appreciable  rate  in  He  presence  of 
appreciable  concentrations  of  copper  and  pottaslum  or  nickel  diethyldithiophosphate.  and  that  when  sorking  with  so- 
olutlons  whose  copper  concentration  does  not  exceed  2  mg/liter  atxl  wiio^c  nickel  diethyldithiophot^ate  concentratloa 
it  not  greater  than  0.001  M,  this  convenlon  does  not  effect  the  retulu  for  copper.  It  was  established. however,  that 
for  determination  of  S-40pg  of  copper,  addition  of  1. 5-2.0  ml  of  0.005  M  nickel  dlethyldithlophoipiiite  ensured  die 
rrwtt  reproducible  and  accurate  results.  Table  1  contains  results  for  the  determination  of  copper  tr.two  toil  samples 
In  which  various  amounts  of  reagent  were  used;  they  show  that  the  amount  of  nickel  diethyldithiophaphate  indicated 
above  it  the  optimum  amount. 

In  addition  to  establishing  the  amount  of  reagent  to  be  added  more  accurately,  some  other  mnilflcatlons  were 
made  to  Busev  and  Ivanyutln's  method  [2]  which  enabled  the  time  of  a  determination  to  be  shotteiuU;.  Copper  wu 
finally  determined  in  toils,  water,  and  b'ological  materials  by  the  following  method. 

For  determination  of  copper  in  toils,  1  -2  g  of  finely  ground  (the  particle  size  should  not  exceni  0.1  mm)  air- 
dry  material  it  calcined  in  a  procelain  crucible  at  a  dark-red  heat  (550*)  for  2  hr.  After  cooling.  ^I'-CO  ml  of  a  mixture 
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Table  1.  /  ccuTftcy  and  Reproduclbiilty  of  the  Reaults  of  Copper  Determioatlou  !n  Soils 
by  Biuev  and  Ivanyutin’i  method  [2]  at  a  Function  of  the  Amount  of  Reagent  Added* 


Soil  Sample  No.  1 _ 1 _ Sell  Sample  Wo.  % 


Cu  added. 

Mg 

Amu  of  0.00! 
Id  nickel  die* 
Lhyldlthlo- 
phosphate : 
tol,  added  ml 

Cu  found 

Mg 

Enor 

Cu  added 

Mg 

AmuofO.OOS 
M  nickel  die* 
thyldithio- 
phosphate 

K>1.  added  ml 

Cu  found 

Mg 

Error 

% 

15 

20,7 

15 

13.8 

— 

5 

15 

24,1 

-6,1 

5 

15 

17,9 

—4,8 

10 

15 

27,6 

—10,1 

10 

15 

21,6 

-9.2 

10 

21.3 

_ 

10 

14.1 

— 

5 

10 

24,9 

-5,3 

5 

10 

18,0 

-5.8 

10 

10 

29,0 

-7.3 

10 

10 

22,1 

-8,7 

5 

21.5 

5 

1  14.4 

— 

5 

1  ^ 

25,8 

-2,6 

5 

5 

18.8 

-3,1 

10 

5 

29,8 

-5.6 

10 

5 

:»5:,9 

—6,1 

3 

21,6 

... 

3 

14.6 

— 

5 

3 

26,9 

+1.1 

S 

3 

19,3 

— 1,S 

10 

3 

30,7 

-2,8 

10 

3 

24,3 

-1.2 

2 

21,5 

2 

14,6 

— 

•**  1 

2 

26,7 

—0,8 

5 

2 

19,4 

-1.0 

10 

2 

31,2 

-1,0 

10 

2 

25.0 

+1.0 

1,5 

21,6 

1.5 

14.5 

— 

5 

1.5 

26,9 

+1.1 

5 

1.5 

19.9 

+2.0 

10 

1.5 

31,8 

+0.7 

10 

1.5 

24.1 

-1.0 

•  In  each  teriet  of  three  determinations  the  weight  of  toil  taken  was  2  g;  dte  volume  of 
solution  after  decomposition  was  made  up  to  209  ml.  and  50  ml  of  this  solution  was  used 
for  each  determinadoo. 


of  concenuated  hydrochloric  and  nitric  acids  f3:l)  is  added, 
axxi  the  mixture  is  heated  on  a  taiK  bath  until  almost  all  the 
liquid  phase  has  been  removed  by  evaporadon.  Two  ml  of 
concenuated  sulfuric  acid  is  added  to  the  residue  andheadt^ 
continued  until  white  fumes  of  H1SO4  start  to  come  off.  After 
cooling.  40-60  ml  of  water  is  added  and  die  whole  boiled  for 
10-15  min  to  dissolve  the  salts  which  separate  out;  dse  soludoa 
is  then  filtered  free  from  the  insoluble  residue* .  The  filter  la 
washed  with  hot  water  weakly  acidified  with  sulfuric  acid  (2 
ml  of  concenuated  HtS04  per  500  ml  water),  the  wash  liquoB 
are  combined  with  the  filuate  and  die  copper  content  deter- 
mined  as  described  below. 

For  determination  of  copper  in  materials  of  {dant  or 
animal  origin,  a  sample  containing  5-100 pg  copper  Is  dried  and 
calcined  at  a  dark-red  heat  (550*).  The  ash  is  dissolved  in  aqua 
regia,  the  liquid  is  evaporated  on  a  sand  bath  until  almost  all 
the  liquid  phase  hu  been  removed,  and  the  procedure  out¬ 
lined  for  soil  analysis  then  followed.  The  sulfuric  acid  filuate  which  has  bee.^  trarufened  to  a  100  or  200  ml  stand¬ 
ard  flask  it  diluted  with  water  to  the  mark;  50  ml  of  this  solution  is  uansfened  to  a  separating  funnel**»10  ml  of  CCI4 
is  added,  followed  by  1.5-2.0  ml  of  0.005  M  aqueous  nickel  diethylidithiophotphate  which  is  added  slowly,  dropwlse 
and  with  ttiuing.  The  copper  diethyldithiophosphate  which  is  formed  it  exuacted  by  vigorous  shaking  of  die  funnel 
for  one  minute.  After  the  phases  have  separated,  the  organic  phase  it  filtered  through  a  dry  filter  into  a  cell  with  n 
path  length  of  1  or  2  cm.  and  the  optical  density  measured  on  a  FEK-M  electrophotocolorimetet  fitted  with  a  blue 
filter,  a  blank  being  used  as  reference  solution.  The  copper  content  it  found  by  mean*  of  a  callbrtaion  curve  (tee 
diagram). 

*  In  order  to  filter  off  the  insoluble  materia)  and  silica  more  rapidly  It  Is  advluble  to  filter  through  a  paper  mats  supported 
on  a  perforated  gUa  plate*  In  a  funnel,  the  lower  part  of  which  It  filled  with  water. 

**  When  the  test  umplecoouias  less  than  25  p  g  Cu,  all  the  filuate.  without  preliminary  dilution  In  a  standard  flask,  la 
transferred  to  die  separating  fnnneL 


Calit^ation  curve  for  photometric  determination 
of  copper. 
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T«ble  2.  Roulti  of  the  Deteimioatloa  of  Copper  In  Soils,  Plant  Materials,  and 
water 


Test  material 

Copper 

sdded 

Pg 

Total 

amount 

)fco^)cr 

Copper 

found 

Mg 

Error 

% 

Black  eanh  from  Kursk,  upper  layer 

27,7 

(0-1 0  cm)  (sample  wt.  1  g) 

5,0 

10.0 

32.7 

37.7 

32,0 

39,0 

-2.1 

+2.4 

15,0 

42,7 

41,6 

-2,6 

Ditto,  la  ver  taken  at  a  depth  of  30-40 

— 

— 

26,6 

cm  (sample  wt.  1  g) 

5.0 

10,0 

31,8 

36,6 

32,0 

35,1 

+t.8 

—4,1 

15.0 

41,6 

43,0 

+3.4 

Dino.  layer  taken  at  a  depth  of  1 72-1 R! 

— 

— 

21,0 

cm  (sample  wt.  1  g) 

5,0 

10,0 

26,0 

31,0 

25,0 

30,3 

“2,3 

15,0 

38,0 

37,5 

+4,2 

Clover  (sample  wt.  7,4  g) 

— 

— 

28,6 

5.0 

33,6 

34,2 

+1.8 

10,0 

38,6 

39,0 

+1.0 

15,0 

43,6 

42,6 

-2,8 

Tap  water.  Moscow.  Rublevskii 

— 

— 

14,7 

Resetvior  (sample volume  one  liter) 

( 

10,0 

20,0 

24.7 

34.7 

24,6 

33.S 

-^.4 

-4,0 

TABLS  3.  Results  of  Copper  in  Soils 


1  Copper  content  ,  found  I 

Deviatloo 

% 

Soil  sample* 

By  Lapia  and  Makarova's 
method 

By  means  of  nickel  die ±yl- 
dlthiophosphate.  ^ 

PK  -1 

4,00. 10-» 

3,80.l0-» 

4,04. 1C-* 

3,92.10-* 

j  Mean 

3,90. 10-* 

3,98.10-* 

2.1 

PK-2 

3,30. 10-« 

3,02.10-« 

3,36.10-* 

3,30.  l(r-* 

PK-8 

!  Mean 

3.16.ia-* 

3.80. 10- > 

3.97. 10- * 

3.33. 10- * 

4.10.10- * 

4,06.10-* 

5.8 

PK-4 

Mean 

3.89. 10- » 

3.60.10- » 

3.85.10- » 

4,08.10-* 

3,84.10-* 

3,9510-* 

5,0 

PK.5 

Mean 

3,73.10** 

5.35.10- * 

3.23.10- * 

3.89. 10- * 

3.48.10- * 

3.35.10- * 

4.8 

PK4 

Mean 

3,29.10-* 

2,8310-* 

3,02. 10-* 

3,41.10-* 

3,01.10-* 

3,11-10-* 

8.6 

[  Mean 

2,93.10-* 

3,06. 10-* 

4,4 
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For  determination  of  copper  in  water,  one  liter  of  test  water  li  acidified  with  20  ml  of  6  N  htSQi  and  diea 
heated  at  80-100**  for  30  min.  After  cooling,  10  ml  of  CCI4,  and  2  ml  of  0.005  M  nickel  dietfayldiihiophosphate 
are  added  and  the  whole  shaken  for  5  min.  After  standing  for  a  shoit  time  (to  enable  the  phases  to  separate)  the  organic 
layer  la  filtered  dirough  a  dry  paper  filter  into  a  cell,  and  iu  optical  density  measured.  The  copper  content  la  deter* 
mined  by  meant  of  a  calibration  curve. 

A  calibration  curve  it  comtructed  as  follows:  0.3928  g  of  cupic  sulfate  (chemically  pure  grade)  is  dissolved  In 
water  to  which  10  ml  of  6  N  sulfuric  acid  has  been  added,  and  the  volume  made  up  to  the  mark  with  water  in  a  1000 
ml  standard  flask;  100  ml  of  this  solution  is  traruferred  to  another  1000  ml  standard  flask  and  the  volume  again  made 
up  to  the  mark  with  water.  The  copper  content  of  this  final  solution  it  10  pg/ml.  Fifty  ml  of  water  and  2  ml  of  6 
N  HtS04  are  added  to  each  of  10  separating  funnels;  into  these  funnels,  apart  from  the  first.  Is  then  inuoduced  0.1,  0.6, 

1.0,  1.5.  2.0,  2.5,  3.0.  3.5  arid  4.0  respectively  of  the  standard  copper  solution  (10  ^gCu/ml);  finally  10  ml  of  CCI4 
is  added  to  each  funnel.  2.0  ml  of  0.005  M  nickel  diethyldithiophosphate  is  added  dropwise  to  each  fuiuel  with  tdrr* 
ing.  aiKi  the  funnels  shaken  for  one  minute.  After  the  phases  have  separated,  the  organic  layer  is  filtered  ihrou^  a 
dry  filter  and  the  optical  density  measured  (the  extract  from  the  first  funrtel  being  used  as  reference  solution).  The 
results  obtained  are  plotted  within  the  coordinates  optical  density  —  Cu  content  (see  diagram). 

afhen  die  method  aescribed  above  was  checked  on  a  series  of  soils,  plant  material,  and  water  by  the  method 
of  additiom,  it  was  established  that  the  error  in  determining  copper  does  rxit  exceed  5^  (see  Table  2). 

In  addition,  a  scries  of  copper  determinations  was  carried  out  on  six  samples  of  soil  using  nickel  diethyldithlophoa* 
phate  arxl  using  diphenylcarbazone  by  Lapin  and  Makarov’s  method  [1].  It  follows  from  the  results  obtained  (Table  3) 
that  resulu  of  copper  determination  by  both  methods  are  in  reasonably  good  agreement,  neverthiess  the  agreement 
between  two  parallel  determinatioru  when  nickel  diethyldithiophosphate  is  used  is  somewhat  better. 

It  should  also  be  pointed  out  that  determination  of  copper  with  nickel  diethyldithiophosphate  is  cotuiderably 
simpler  and  len  tedious. 

SUMMARY 

A  study  has  been  made  of  the  accuracy  and  reproducibility  of  the  determination  of  copper  in  water,  soils,  and 
biological  materials  by  A.  1.  Dusev  and  M.  I.  Ivanyutin’s  method,  using  nickel  diethyldithiophosphate  as  reagent.  It 
has  been  shown  that  by  using  the  reagent  at  a  cenain  optimum  concentration,  and  by  removing  interference  from  nitric 
acid,  it  it  possible  to  reduce  the  error  of  the  determination  down  to  S>.  After  the  appropriate  modifications  have  been 
made,  the  results  obtained  during  the  photometric  determination  of  copper  by  means  of  nickel  dlediyldithlophosphate 
are  superior  in  accuracy  and  reproducibility  to  those  obtained  by  L.  N.  Lapin  and  V.  P.  Makarova’s  method,  and  at  the 
tame  time  are  simpler  and  nnore  rapid. 
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Of  the  organic  reagenu  which  precipitate  scandium,  the  ones  used  are  ammonium  taraate,  oxalic  acid,  inositol- 
pyrophosphoric  acid  (phytic),  alizarinsulfonic  acid,  and  8 -hydroxy quinoline.  The  reactions  with  there  reagents  have 
been  carefully  studied  by  Fisher  and  Bock  [1],  and  later  by  Vickery  [2]  using  Sc^.  It  was  established  that  all  these  re¬ 
agenu  suffer  from  some  disadvantages.  Accordingly,  a  search  for  new  organic  precipitanu  of  scandium  is  a  neceuary 
prerequisite  for  die  ncressful  solution  of  problems  in  the  preparative  and  analytical  chemistry  of  scandium.  We  have 
studied  ammonium  benzeneseleninate  and  benzenesulfinate  as  possible  reagenu  for  this  purpose. 

Feigl  [3]  was  the  first  to  suggest  benzencseleninic  acid  as  an  analy'tical  reagent,  and  it  has  been  examined  by 
Alimarin  and  Somikov  [4]. 

We  established  that  ammonium  benzeneseleninate  forms  with  scanadium  in  neuual  and  weakly  acid  solutions, 
a  white  crystalline  precipitate  which  is  readily  soluble  in  mineral  acids.  Ammonia  decomposes  this  compoutK)  with 
formation  of  the  hydroxide.  The  sensitivity  of  the  reaction  is  5fig/ml.  X-ray  studies  of  the  precipitate  confirmed 
iu  crystalline  nature  (Fig.  1).  According  to  resulu  of  che.nical  analysis  the  scandium  compound  corresponds  to  the 
formula  Sc(CcH|SeOs)|.  die  scandium  content  being  7.38%.  Thsi  compound  can  be  recommended  as  a  gravimetric 
form.  A  thermogravimeuic  study  of  the  precipitate  confirmed  the  stability  of  scandium  benzeneseleninate  at  tem¬ 
peratures  up  to  120*.  On  heating  to  600*  this  compound  is  completely  converted  into  scandium  oxide  (Fig.  2). 


Table  1.  Determination  of  Scandium  as  ScxO^ 
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Fig.  1.  X-ray  spectrogram  of  scandium 
benzeneselenifute. 

Benzeneseleninic  acid  has  a  number  of  advantages  over  organic  reagenu  suggested  earlier.  Scandium  benzene¬ 
seleninate  has  a  low  correction  factor  f  =0.0738,  the  precipitate  it  formed  in  a  crystalline  state  in  a  short  time  (15  min), 
and  it  can  be  rapidly  brought  to  constant  weight  by  drying  at  105*. 

The  difference  in  the  solubility  of  scandium  and  zirconium  benzeneseleninates  (see  (5])  hat  enabled  us  to  de¬ 
velop  a  technique  for  determining  scandium,  and  for  separating  it  from  zirconium. 

A  20%  solution  of-ammonium  benzeneseleninate  was  prepared  by  dissolving  the  commercial  reagent  in  distilled 
water.  A  scandium  chloride  solution  was  prepared  by  dissolving  scandium  oxide  in  redistilled  concenuated  hydro¬ 
chloric  acid  on  careful  heating,  with  subsequent  evaporation  of  the  acid  until  the  moist  scandium  chloride  salt  separated 
w-i;  dissolved  in  distilled  water.  The  concenuation  of  the  solution  was  ettablihsed  by  precipitation  of  scandium 


TABLE  2  Deteimination  of  Scaoduim  by  Weighing  It  as  Scandium  Benxeneselenlnats 
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TABLE  3.  Separation  of  Scandium  aid 
Zirconium  by  Precipitation  with  Ammool* 
urn  Benzenescleninate  and  Using  Zi* 
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TABLE  5.  Determloation  of  Scandium 
by  Precipitation  Mith  Ammonium 
Benxeoesulflnate  and  Weighing  m 

ScjOfc 


SctOt 

aken.mj 

Sc,0| 
found, m( 

Error 

mg 

1.47 

1,52 

+0,05 

+3.3 

1.47 

1,50 

+  O.03 

+2,0 

1.47 

1,45 

—0,02 

—13 

3.67 

3,69 

+0.02 

+0.5 

3,67 

3,70 

+0.03 

+0.8 

3.67 

3,67 

0.00 

0,0 

12,80 

12,80 

0,00 

0,0 

12,80 

12,93 

+0.11 

+0,8 

12,80 

12.90 

-0.10 

-0.8 

TABLE  4.  Separation  of  Scandium  and 
Zirconium  by  Precipitation  widi  Ammoni* 
um  Benzenescleninate  and  Using  Sc* 
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TAbLE  6.  Separation  of  Scandium  and  die 
Rare  Earths  by  Precipitation  with  Ammonium 
Benzenesulfinate 
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hydroxide,  and  complexometrlc  dtiatloo  In  die  presence  of  murej'lde.  Zlrconyl  oxychloride  was  dissolved  IndlsdUed 
water  and  the  concentration  of  the  solution  established  oomplexometrically. 

Completeness  of  precipitation,  and  the  purity  of  the  precipitates  obtained  were  checked  radiometrlcally  using 
the  Isotopes  Sc*  and  Zi*.  The  latter  was  freed  from  the  daughter  element  niobium  by  repeated  coprecipitation  of 
Nb*  with  MnO^.  Sc*  was  obtained  by  bombarding  Kandlum  oxide  with  neutrons  by  the  reaction  Sc*  (n.  y)  Sc*. 
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Fig.  2.  Themiogravigratm  of  scandi* 
um  beozeneseleninate  (1)  and  scandi¬ 
um  benzenesulfinate  (2). 


Fig.  3.  X-ray  spectrogram  of  scandium 
benzenesulfinate. 
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Fig.  4.  PrecipltatioQ  of  scandium 
(I),  zirconium  (II),  and  thorium(in) 
by  ammonium  benzenesulfiiute  as 
a  function  of  the  acidity. 


Scandium  benzeneseleninate  was  precipitated  from  weakly 
acid  solutions,  SO  ml  of  a  solution  of  the  scandium  salt  was  heated  on 
a  water  bath,  a  drop  of  methyl  orange  was  added  and  the  solution 
neutralized  with  ammonia  solution  (1:1)  to  the  first  color  change  of  the 
indicator.  Five  ml  of  ammonium  benzeneseleninate  solution  (preci¬ 
pitate  concentration  V}o  by  volume)  was  added  to  the  hot  solution,  and 
the  mixture  cooled  to  room  temperature.  Under  these  conditions  the 
precipiute  ofscandium  benzeneseleninate  packed  together  and  the 
solution  above  the  precipitate  clariHed.  Subsequently  scandium  can 
be  determined  either  by  weighing  the  precipitate  of  scandium  benzc.iie- 
selenlnate  or  by  calcining  the  latter  to  the  oxide.  To  obtain  the  oxide 
the  precipitate  was  Hltored  off  through  a  paper  filter  and  calcitted  at 
800*  for  30  min  (Table  1). 

For  determination  ofscandium  as  the  benzeneseleninate,  the 
precipitate  obtained  as  described  above  was  filtered  o^  through  a 
glass  microfilter  with  a  No.  4  porous  glass  bottom,  the  precipitate 
was  washed  with  10-15  ml  of  twice  distilled  water  and  then  with  the 
same  amount  of  ethanol;  it  was  finally  dried  at  105*  for  20  t*'in 
(Table  ?). 

In  order  to  separate  scandium  from  zirconium  die  latter  was 
precipiuted  from  hot  1  N  HCl  solution  with  ammonium  benzenesel- 
eniiute,  the  precipitate  was  filtered  through  a  blue  band  filter  paper, 
and  carefully  washed  with  ammonium  benzeneseleninate  solution. 
The  filtrate  was  evaporated  on  a  water  bath  to  a  volume  of  50  ml. 
and  scandium  determined  jy  one  of  the  methods  indicated  above. 

Completeness  of  separation  of  scandium  from  zirconium  was 
checked  by  means  of  radioactive  indicators.  Two  series  of  experiments 
were  canied  out.  In  the  first  series  of  experiments  completeness  of 
precipitation  of  zirconium  in  the  presence  of  scandium  was  controlled 
by  meatu  of  Zi*;  the  scandium  was  determined  by  calcining  scandium 
benzeneseleninate  to  scandium  oxide  (Table  3).  In  the  second  series 
of  experiments  completeness  of  precipitation  of  scandium  was  checked 
by  means  of  Sc^  (Table  4}. 

Scandium  was  quantitatively  separated  from  zirconium  at  a 
maximum  ratio  of  Sc:Zr  =  1:10;  at  higher  zirconium  concentrations 
high  resulo  were  obtained  for  scandium. 

Ammonium  benzenesulfinate  has  been  used  by  Alimarin  and 
Alikberov  for  the  determination  of  zirconium  and  thorium  (6,  7].  With 
scandium,  in  acid  (down  to  2.5  N )  and  neutral  solutions,  benzencsul- 
Hnic  acid,  and  iu  sodium  and  ammonium  salts  form  a  white  fioccul- 
ent  precipitate  which  it  soluble  in  mineral  acids.  The  sensitivity  of 
the  reaction  is  2  pg/mU  X-ray  studies  (Fig.  3)  showed  that  the  pre¬ 
cipitate  formed  hat  a  crystalline  structure.  It  should  be  pointed  out 
that  the  acidity  of  the  solution  strongly  affects  the  structure  of  the 
precipitate  formed;  thus  in  acid  solutions  (from  0.3  N  upward)  a  fine¬ 
ly  crysulUne  precipitate  is  formed  which  it  difficult  to  filter, while 
scandium  benzenesulfinate  formed  in  neutral  solutions  is  compact  and 
is  readily  filtered.  A  study  of  the  compound  formed  confirmed  that 


it  is  a  normal  salt  with  the  composition  Sc(C«lltSOs)|  -xlijO.  Scandium  benzenesulfinate  cannot  be  recommended 


as  a  gravifnctric  form  because  of  its  variable  water  content.  It  is  clear  from  the  thermogravigram  of  scandium  ben- 


zenesulfinate  (Fig.  2)  that  the  latter  it  completely  converted  Into  scandium  oxide  attempeiatures  above  800*.  We 
have  developed  a  method  for  separating  scandium  from  the  rare  earths,  iron,  and  aluminum,  and  for  determining  it 
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b]f  pceclplutloa  u  scaodluin  beaxcDeiulfltute,  followed  by  calcination  of  the  latter  to  tcandioni  oxide.  In  the  work 
described  here  scandioin  benxenesulfUute  wu  [weclpltated  from  50  ml  of  a  0.5  N  HCl  solution  using  a  precipitant 
coocencatioa  of  by  volume.  After  addition  of  preclpltani  the  solution  was  heated  on  a  water  bath  for  10-15  min* 
Heating  above  80*  should  be  avoided,  since  the  precipitate  separates  out  in  a  fine  crystalline  form  and  starts  to  creep  np 
the  vessel  walls.  The  precipfute  was  Altered  through  a  blue  band  Alter  and  calcined  at  1000*  for  45-60  min.  Scandi* 
nm  was  determined  by  weighing  it  as  its  oxide  (Table  5). 

A  study  was  made  of  the  effect  of  the  acidity  of  the  medium  on  completeneu  of  precipitation  of  scandium.  It 
Is  clear  from  Fig.  4  that  zirconium  and  thorium  are  precipitated  by  ammonium  benzenesulfinate  over  the  same  acidity 
range  as  scandium.  Precipitation  of  scandium,  according  to  the  technique  indicated.  In  the  presenceof  aluminum  and 
the  ynrlum  group  of  the  rare  earths  permio  scandium  to  be  separated  from  the  latter  (Table  6). 

The  presence  of  less  than  5  mg  of  iron  In  50  ml  of  a  solution  In  0.7  N  HCl  does  iwt  interfere  widi  scandium 
determination. 


SUMMARY 

Benzeneseleninic  acid  and  its  ammonium  salt  form  a  white  crystalline  precipitate  with  scandium  in  neutral 
and  weakly  acid  solutions.  The  composition  of  the  compound  corresponds  to  the  formula  Sc(C«H|SeO|)|.  The  pre¬ 
cipitate  can  be  recommended  as  a  gravimetric  form  (conversion  factor  to  scandium  0.0738). 

A  method  has  been  developed  for  the  determination  of  scandium  in  the  presence  of  the  rare  earths,  iron,  and 
aluminum bypreclpltating  It  with  benzensulfinic  acid.  The  composition  of  the  precipitate  approximates  to  the  formula 
Sc(C«H|SO|)|  ■  xH|0.  For  quantitative  determination  of  scandium  this  compouiKl  is  calcined  at  1000*  and  the.  scandium 
Is  weighed  as  SctO^. 
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Carbonate  ions  have  been  used  for  a  long  time  in  preparative  practice,  both  for  coane  separation  of  total  lan¬ 
thanides  from  the  cerium  and  yttrium  groups  [1,  2],  and  also  for  the  preparation  of  individual  rare  earth  elements 
[3-5].  The  normal  carbonates  of  the  rare  earths  can  be  prepared  by  different  methods  -  by  passing  CO^  into  a  suspen¬ 
sion  of  hydroxides  [6],  by  hydrolysis  of  solutiois  of  their  trichloroacetates  [7],  and.  finally,  by  the  Interaction  of  readily 
soluble  salts  with  the  alkali  metal  carbonates.  The  last  method  is  certainly  the  simplest  and  most  practicable;  diere 
is,  however,  no  unanimous  opinion  regarding  the  composition  of  the  sparingly  soluble  compounds  formed  in  this  case. 

The  precipitates  formed  have  been  ascribed  the  structure  of  basic  carbonates  [8],  double  salts  [9],  or  tx>rmal  carbonates 
[10].  On  the  basis  of  our  own  results  on  the  chemical  analysis  of  lanthanum,  neodymium,  erbium,  and  yttrium  carbon¬ 
ates  [11,  12]  prepared  by  the  last  method,  and  also  on  the  basis  of  a  study  of  the  system  alkali  metal  carbonate  -  oi- 
valent  cerium  "  water,  carried  out  by  physicochemical  analytical  methods  [13],  we  are  of  the  opinion  that  normal 
carbonates  with  the  composition  R|(CO^)l  *  nHtO  are  formed  over  the  concenuation  range  studied  when  equimolar 
amounu  of  the  reagents  are  used.  The  pouibility  of  using  these  compounds  for  anlytical  purposes,  and,  in  particular, 
at  a  gravimetric  form,  has  not  apparently  been  examined. 

No  strictly  quantitative  results  on  the  solubility  of  the  landianide  carbonates  hat  been  published.  Nevertheless, 
tenutlvu  information  on  the  solubility  of  lanthanum  and  neodymium  carbonates  [11, 12]  gives  ground  f<x  assuming 
that  it  should  be  possible  to  precipitate  the  elements  of  the  cerium  group  quantitatively  by  means  of  alkali  meul 
carbonates(as  long  at  a  large  excess  ofprcclpiunt  is  avoided,  since  the  latter  at  high  concentrationt  act  as  complex* 
ing  agents  not  only  for  elements  of  the  yttrium  group,  but  abo  for  cerium  group  elements). 

The  problem  of  thermal  stability,  particularly  with  respect  to  esublishing  the  range  over  which  a  particular  com¬ 
pound  exists,  can  be  reliably  resolved  by  Duval’s  thermogravimeuic  method  [14].  The  results  given  in  the  present 
article  were  obtained  on  a  thermobalance  of  simplified  construction  described  previously  [15, 16], 

EXPERIMENTAL 

X-ray  structural  analysb  showed  that  the  lanthanum  oxide  used  in  the  present  work  contained  0.15<^  each  of 
Pr(C\|  and  NdjO^.  Other  rare  earths  present  as  impurities  could  not  h-  detected.  Of  other  foreign  elements  only  about 
0.01<^  iron  could  be  found.  Potassium,  sodium,  and  ammonium  carbonates  —  chemically  pure  grade  -  were  used  with¬ 
out  further  purification.  Chemicallly  pure  grade  hydrochloric  acid  was  redistilled.  1,  0.1,  and  0.01  N  solutions  of 
LaCi|  were  prepared  from  accurately  weighed  amount  of  La|0^.  The  concentration  of  the  solutions  was  checked 
gravimetrically  by  precipitation  with  oxalic  acid.  The  concenuation  of  the  solutions  of  the  alkali  carbonates  (1,0.1, 
and  0.01  N)  was  determined  by  tiuation  with  hydrochloric  acid. 

Equal  volumes  of  lanthanum  chloride  solution  .nd  alkali  metal  carbonate  solution  of  the  same  normality  were 
mixed  at  room  temperature  and  allowed  tostand  for  two  hours,  after  which  the  precipitates  formed  were  filtered  off. 
Subsequent  treatment  of  the  precipitates  to  prepare  them  for  thermogravlmetrlc  study  differed  slightly  in  detail.  Aliquots 
of  30  to  50  mg  of  the  treated  precipitates  were  used  for  thermal  decompovition.  The  experimental  procedure  was 
completely  identical  to  that  described  previously  [15, 16]. 

•For  communication  2,  see  Zh.  analit.  Idilniii  15,  706  (1960) 
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Fig.  1.  Thermogravigrami  of  lanthanum  carbonate 
precipitated  with  potauium  carbonate  of  varying 
concentration.  1)  From  1  N  LaCl^;  2)  0.1  N 

LaCl»:  3)  from  0.01  N  LaCl«:  4)  from  1  N  LaClf. 
precipitate  washed  with  water. 

Na,C0, 
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Fig.  2.  Thermcgravigramsof  alkali  .  .^tal 
carbonates. 


It  is  ftltly  frequtiitly  suted  in  the  literature  (8]  that 
there  is  a  relationship  ictween  tlie  composition  of  the  pre- 
cfpiutes  formed  in  ths  systems  tare  earth**  -  Me|CO|  “  H|0 
(where  Me  is  die  alkaii metal  cation)  and  the  concentration 
of  the  original  solution.  It  was  neceuary  therefore  to  establish 
whether  there  is  such  a  niatioashlp  •  and  if  there  is.  to  what 
extent  this  factor  affeiu  the  nature  of  the  thermogtavigrams 
obtained.  Moreover,  tiwas  also  necessary  to  define  more 
accurately  the  methoc'  .if  preparing  the  sample  for  study.  In 
Fig.  1  are  shown  themugravigrams  of  carbonate  precipitates 
obtained  by  precipitatun  of  landianum  chloride  with  potauium 
carbonate  at  room  tenperature.  Curves  1.2.  and  3  conespond 
to  precipitates  obtainei  by  precipitation  from  1.  0.1,  and  0.01 
N  solutions  and  filterei  off  by  meant  of  a  water  pump,  without 
washing.  Curve  4  conaponds  to  the  precipitate  obtained  from 
a  1  N  solution,  but  caefuUy  washed  on  the  filter  with  water. 

As  Fig.  1  shows  :he  general  nature  of  all  four  thermo*' 
gravlgrams.  after  the  ilarp  drop  in  die  curve  determined  by 
removal  of  water  of  crstallization  and  hygroscopic  water 
from  the  precipitate,  it  the  tame;  over  the  range  275-400* 
there  is  an  almost  hotixintal  part  corresponding,  according 
to  calculation,  to  the  aihydtous  carbonate  La|(CO|))|.  This 
is  followed  by  another  harp  drop  determined  by  the  decompo¬ 
sition  of  the  anhydtDU.’  carbonate,  and  a  distinct  area  (from 
SCO  to  650*)  correspoiuing  to  the  existence  of  its  Intermediate 
decompositioo  pxoduci.  Calculation  in  this  case  indicates 
that  this  product  has  tie  approximate  formula  La|0^  *  CO^. 

The  third  dropon  thr  cuve  corresponds  to  decomposition  of  this 
compound  and  termlnnes  at  a  temperature  slightly  higher  than 
830*.  Starting  fiom  tin  temperature  only  lanthanum  oxide 

is  thermally  sulie.  There  are,  nevertheleu,  certain 
differences  which  cxcu:d  the  normal  erroa  met  in  thermo- 
gravimetric  analy.is.  Cn  the  one  hand,  curves  1  and  2,  which 
conespond  to  the  mon  concentrated  solutions,  throughout 
their  whole  lengdi  lie  above  curve  3,which  corresponds  to  the 
most  dilute  of  the  solutons  used.  On  the  other  hand,  curve 
2  lies  above  curve  4.  although  the  solutions  in  both  cases  are 
the  sair.e,the  differeius  being  in  die  preparation  of  the  pre- 
cipiutes  for  analysis  ((sashing). 


It  would  appear  that  the  simplest  explanition  of  both  these  facts  is  hydru^vis.  Actually,  in  the  fint  case  one 
could  assume  a  higher  degree  of  hydrolysis  of  the  carbonate  compounds  obtaimU  from  the  most  dilute  original  solutions, 
and  in  the  second  hydrolysis  of  the  precipitate  during  washing  with  water.  One  abjection  to  this  hypothesis,  however, 
in  the  fint  place.  Is  the  thermegravigram  of  the  precipitate  obtained  from  O.Ql  M  solutions  heated  beforehand  to  60-70*. 
This  curve  is  not  included  in  Fig.  1  since  it  coincides  completely  with  curve  Q.  If  hydrolysis  had  actually  occured  then 
the  extent  of  hydrolyis  of  the  ptecipitates  obtained  from  hot  solutions  would  bt  greater,  and  the  curve  mentioned  above 
would  lie  below  curve  3.  In  the  second  place,  only  the  devlatioiu  on  the  initid: parts  of  the  thermogtavigrams  can  be 
explained  by  hydrolysis,  since  there  is  only  a  very  small  probability  that  the  h'^riiolyzed  compounds  can  exist  at  very 
hl£^  temperatures.  e.g.*over  the  range  within  which  the  intermediate  cempouni  it  stable.  At  the  tame  lime  deviations 
between  the  curvet  are  observed  over  this  range  too. 


Another  possible  interpretation  of  the  phenomena  observed  It  the  differeiue  In  the  degree  of  entrainment  by  the 
precipitates  of  the  reaction  products  (XCl)  from  the  mother  liquon  when  origtml  solutions  of  varying  concenuatlont  are 
used.  In  fact,  after  removal  of  water  from  the  precipitates,  die  KCl  entralnedlly  the  precipitates  remains,  and  it  only 
removed  at  very  high  temperatures.  All  the  precipitates  were  treated  under  Iduitical  conditions;  accordingly  their 
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moisture  content  is  approximately  the  same,  and  the  amount  of 
salt  (KCl)  remaining  in  the  precipitate  should  be  proportional  to 
its  concenuation  in  the  mother  liquor.  If  stoichiometric  propor¬ 
tions  are  strictly  observed,  the  initial  products  canrrot  be  present  in 
the  solutions,  and  consequently  in  the  precipitates;  if.  ho%rever.  the 
process  is  used  for  actual  precipitation  of  lanthanum  carbonate  or 
the  carbonates  of  other  elements  of  the  cerium  group,  then  naturally 
a  certain  excess  of  the  alkali  metal  carbonate  will  be  present  in 
solution,  and  also  in  the  ptecipit/te.  Bearing  this  in  mind,  the 
thermogravigrams  of  the  three  most  readily  available  precipitanta 
-  sodium,  potassium,  and  ammonium  carbonates  ~  are  shown  in 
Fig.  2. 

The  results  of  thermogravimetric  analysis,  as  well  as  published 
information  [17]  on  the  thermal  stability  of  the  carbonates  and 
chlorides  of  potassium,  sodium,  and  ammonium  indicate  that  am¬ 
monium  carbonate  should  be  chosen  as  the  precipitant,  since  the 
presence  of  ammonium  cabonate  itself  or  of  ammonium  choride 
should  aot  affect  the  composition  of  the  gravimetric  form  of  the 
anhydrous  carbonates,  and.  in  panicular.  diat  of  the  intermediate 
product  obtained  during  the  thermal  decomposition  of  the  anhydrous 
carbonate.  The  next  series  of  experiments  was  carried  out  widi 
ammonium  carbonate.  The  me^x>d  used  was  left  unchanged,  apart 
from  the  fact  that  the  carbonate  precipitates,  after  having  been  filtered,  were  dried  in  a  T^uum  desiccator  to  constarx 
weight.  The  corresponding  thermogravigrams  are  shown  in  Fig.  3.  Curves  1.  2.  and  3  correspond  to  die  precipitates 
obtained  from  1.  0.1.  and  0.01  N  solutions  respectively. 


Fig.  3.Thcrmogravlgrams  of  lanthanum  car¬ 
bonate  precipitated  by  ammonium  carbonate 
from  solutions  of  varying  initial  concentration. 
1)  From  1  N  LaQ,;  2)  from  0.1  N  LaCl,;  3) 
from  0.01  N  Laa». 


From  these  resulu  it  is  clear  that  the  modifications  male  to  the  original  method  enable  better  results  to  be  ob¬ 
tained.  Accordingly,  the  main  factor  affecting  the  composition  of  the  carbonate  precipitates  would  appear  to  be 
contamination  of  these  precipitates  by  the  alkali  metal  chloride,  and  not  differences  in  the  extent  of  hydrolysis  as 
a  function  of  the  concentration  of  the  original  solutions.  On  washing  the  precipitates  for  a  long  time  with  water, 
hydrolysis,  apparently,  also  takes  place  (this  is  clear  from  a  comparison  of  curve  4,  Fig.  1  and  Curve  1.  Fig.  3);  its 
effect  is,however.  small.  The  series  of  experimenu  also  enabled  us  to  define  the  temperature  range  over  which  bodi 
compounds  are  stable  more  accurately;  this  range  is  about  100*  (300-400*)  for  anhydrous  lanthanum  carbonate;  for 
the  decomposition  product  of  the  latter  this  range  it  slightly  wider  550-675*,  the  section  of  the  curve  over  this  range 
being  completely  horizontal.  In  order  to  confirm  the  composition  of  both  co’''>pounds,the  precipitates  were  kept  at 
constant  weight  at  temperatures  corresponding  approximately  to  die  middle  of  the  horizontal  sectloru  (375  smd  600*), 
and  analyzed  [18].  Resulu  of  elemental  analysis  of  both  producu  obtained  from  original  solutiotu  with  concenuatiora 
ranging  from  1  to  0.01  N  are  given  in  Tables  1  and  2. 


Table  1.  Elemental  Analysis  of  the  Compound 
Brought  to  Coiutant  Weight  at  375*  [Suggested 
composition  -  Lat(CQ)|] 


Test 

Element* 

Calcu¬ 

lated. 

Found  on  precipit.  from 
sol.  of  var^ng  normality, 

1  ff 

0.1  AT 

0,01  AT 

C 

7.88 

7.67 

7,75 

7.90 

O 

31,44 

31,50 

31,25 

31,20 

LsiOf 

’’M7 

71.20 

71,60 

71,10 

CO^LajOj 

3,0 

2,93 

2,08 

3,01 

*  Hydrogen  was  not  detected  In  any  of  the 
forms;  oxygen  was  determined  by  diHeir  Ke. 


Table  2.  Elemenul  Analysis  of  the  Compound 
Brou^t  to  Constant  Weight  at  600*  (suggested 
composition  *  CO^ 


Test 

Element* 

Calcu¬ 

lated. 

Tfc 

Found  on  precipit.  from 
|k>1  .  of  V  ary  i  ng  norm  al  ity, 

1 _ _ _ 

1 

i 

0.1  N 

0.01  M 

C 

3,35 

3,23 

3,30 

3,13 

O 

21,60 

22,97 

23,80 

21,07 

UjOj 

88,00 

86,6 

85,5 

88,0 

CO»/lJi,0, 

1,0 

1,02 

1,05 

0,06 

*  Hydrogen  was  not  detected  in  any  of  the 
forms;  oxygen  was  determined  by  dlfferettce. 
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It  U  clcAf  that  the  retula  of  chemical  analysis  confiim  the  theimogravimetric  results  -  the  compositloa  of  the 
precipitates  at  S7S*  corresponds  to  the  formula  for  the  anhydrous  carbonate  with  reasonable  accuracy  for  all  concen* 
uatlona  of  the  Initial  solutions  used.  The  thermal  decomposition  product  of  the  carbonate,  which  is  stable  over  tha 
range  SS0-67S*.  corresponds  to  the  approximate  formula  LajC^  *  CC^.  Since  the  low  temperature  gravimetric  forms 
of  the  rare  earths  are  usually  more  readily  soluble  in  acids  than  the  oxides  calcined  at  high  temperatures,  this  com* 
pound,  which,  moreover,  has  a  slightly  higher  weight  -  and,  accordingly,  a  better  convenion  factor  -  can  be  recom¬ 
mended  as  a  gravimetric  form  for  the  determination  of  lanthanum  (precipitation  with  ammonium  carbonate  and  cal¬ 
cination  at  600*).  The  anhydrous  carbonate  Is  leu  suitable  as  a  gravimetric  form,  both  on  account  of  its  smaller  ther¬ 
mal  stability  range,  and  because  of  a  lower  experimental  accuracy  (according  to  the  thermogravigrams  the  deviations 
from  '  e  theroretical  composition  for  the  anyhdrous  carbonate  it  3-5^  while  for  the  intermediate  compound  they  do 
not  exceed  1^). 


SUMMARY 

Formation  of  the  normal  carbonate  of  lanthanum  Lat(CO^)i  ’  nH|0  hat  been  thermogravimetrically  confirmed 
in  the  system  LaCl«  -  Me^CO^  (Me  *  K  ,  NH4  )  -  H|0.  Thermal  dissociation  of  this  compound  proceeds  stepwise: 
La,(CO^)s  *  nHjO  -  La,(CC^),  -  La,(^  .  CC^  -  La,C^. 

The  thermal  stability  ranges  of  La|(CO^)l  (300-400*)  and  LajO^  •  CO^  (550-675*)  have  been  determined. 

The  compound  La|0^  •  CO^  it  recommended  as  a  gravimetric  form  for  die  determination  of  lanthanum.  Ammon¬ 
ium  carbonate  is  the  most  suitable  precipitant,  while  the  calcination  temperature  is  600*. 
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Color  reactions  of  GaCl^  anions  with  Ae  cation  of  buic  organic  dyes  have  acquired  exceptional  Importance  for 
the  determination  of  microgram  amounts  '•f  gallium;  of  these  dyes  the  one  which  has  found  widest  application  la  tho- 
damlne  B  (or  C)  (1*0* 

RDodamlne  B  contains  an  organic  cation  of  large  size.  The  presence  of  a  carboxyl  group  in  the  ihodamine  B 
molecule  weakens  to  some  extent  the  basic  properties  of  this  cation,  and  increases  the  solubility  of  the  salts  formed 
by  rhodamioe  B. 

Kuznetsov  and  Bol'shakova  [7]  have  shown  that  completeness  of  precipitation,  coprecipiution,  and  extraction 
of  the  elemenu  can  be  appreciably  increased  if,  instead  of  ihodamine  B,  one  of  its  esten,  e.g.,the  butyl  ester  of  iho¬ 
damine  B,  so-called  butylihodamlne  B  is  used. 

We  have  adopted  butylihodamlne  B  for  the  photometric  determinatioo  of  gallium. 

EXPERIMENTAL 

The  following  reagents  were  used; 

1.  A  0.1<]k  solution  of  butylihodamlne  B  in  6  N  hydrochloric  acid.  The  reagent  was  synthesized  by  Kuznetsov 
and  Bol'skakova's  method  [7]. 

2.  Gallium  solution  containing  1  mg  gallium  per  ml  of  6  N  hydrochloric  acid.  The  solution  was  prepared  by 
dissolving  an  accurately  weighed  aliquot  of  spectrographically  pure  gallium  metal  in  aqua  regia;  nitric  acid  was  removed 
by  a  double  evaporation  with  concentrated  hydrochloric  acid.  The  dry  residue  was  dissolved  in  6  N  HCl.  Working  ao- 
olutlons  of  gallium  containing  10, 1.0,  0.1  p  g  of  gallium  per  ml  were  prepared  by  diluting  the  stock  solution  with  6 
NHCL 

9.  A  20<^  solution  of  titanium  trichloride  in  6  N  HCl.  The  solution  was  prepared  by  dissolving  tiunium  metal 
in  hydrochloric  acid. 

The  optical  density  was  measured  on  a  SF-4  spectrophotometer  and  on  a  FEK-N  photocolorimeter-nephelometet. 

Butylihodamlne  B  is  a  dark-raspberry,  crystalline  material  which  is  soluble  in  water,  ethanol,  and  acetone;  it  fa 
insoluble  in  benzene  and  toluene.  A  hydrochloric  acid  solution  of  butylihodamlne  B  has  an  orange-red  color.  Butyl- 
rhodamlne  B  is  hardly  extracted  at  all  from  aqueous  solutions  by  benzene,  toluene,  and  chloroform. 

.  In  hydrochloric  acid  solution  butylihodamlne  B  interacts  with  gallium  to  form  a  compound  which  can  be  extracted 
widt  benzene,  and  toluene,  the  extract  obtained  being  rose-violet  in  color. 

A  toluene  solution  of  butylrhodamine  B  chlorogallate  has  an  absorption  maximum  at  565  mp ;  at  this  wavelengdi 
the  reagent  iuelf  hardly  absorbs  any  light  (Fig.  1). 

One  of  the  drawbacks  of  the  ihodamine  photometric  determination  of  gallium  by  Onischi's  method  is  die  com¬ 
paratively  low  extent  to  which  the  ihodamine  B  chlorogallate  is  extracted  with  benzene.  Several  authors  have  tried  to 
improve  Onlschi's  ihodamine  method,  and  have  recommended  substitution  of  benzene  by  a  mixture  of  benzene  and 
ether  [4],  a  mixture  of  chlorobenzene  and  CCl4[3],  or  a  mixture  of  benzene  and  butyl  acetate  [5]. 

Butylihodamlne  B  is  equally  well  extrccted  by  benzene,  toluene,  and  the  mixed  extractants  mentioned  above,  so 
that  there  is  no  need  to  use  the  mixtures  (Table  1), 
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Fig.  1.  Absorption  curves.  1)  Toluene  extract  of  butyl* 
ihodamlne  B  chlorogallate;  2)  toluene  exuact  of  butyl* 
ihodamioe  B. 


Table  1.  Extraction  of  Butylihodamine  B  Chlorogallate 
with  Various  Solvents _ 


Optical  density 

Solvent 

Blank 

Testcontaining 
0.4 p  g  Ga/ml 

UIH*  ■ 

eience 

Benzene 

0.009 

0.410 

0.401 

Toluene 

Benzene  ♦  ether 

0.01 

0.420 

0.410 

aO:  1) 

Benzene  *  amyl 

0.018 

0.425 

0.412 

acetate  (4 :  1) 

0.015 

0.430 

0.415 

Fig.  2.  Effect  of  hydrochloric  acid 
coocenuation  on  extraction:  1)  Butyl* 
ihodamioe  B  chlorogallate  with  toluene 
(reference  solution,  the  blank  solution)} 
2)  butylihodamine  B  with  toluene  (ref* 
eience  aolution.  toluene. 


A  tingle  extraction  is  sufficient  to  ensure  almoat 
complete  extraction  of  butylrhodamine  B  chloiogallale 
by  the  solvenu  mentioned. 

The  sensitivity  of  the  reaction  of  gallium  with 
butylihodamine  B  is  almost  one  order  higher  than  die 
reaction  with  ihodamioe  B.  The  limit  of  identification 
it  O.OOS  ft  g  gallium  in  1  ml  of  solution. 

The  molar  extinction  coefficient  of  butviibo* 
damine  B  chlorogallate  is  90,000,  while  the  molar 
extinction  coefficient  of  ihodamine  B  chlorogallate 
determined  by  Onischi  and  Sandell  [2]  it  60.000. 

Extraction  of  butylihodamine  B  chlorogallate 
with  toluene  (benzene)  depends  on  the  acidity  of  the 
solution;  the  optimum  acidity  lies  within  the  range 
6  to  6.5  N  HCl  (Fig.  2). 

It  it  interesting  to  iMte  that  extraction  of  the 
reagent  itself  becomes  appreciable  at  low  acidities  of 
the  tolution.but  there  it  hardly  any  extracdoo  ttardng 
from  5  N  HCL 

Colored  solutions  of  butylrhodamine  B  chlorogal* 
late  conform  to  Beer's  law  over  a  wide  gallium  concen* 
tration  range  (0.005-2  pg/ml).  Fig.3  shows  a  calibca* 
tion  curve  for  a  narrow  concentration  range  (0.1*1  pgGa 
in  1  ml  of  solution).  The  optical  density  was  measured 
both  on  a  tpeettopbotometer  at  565  m  p.  and  also  on  a 
FEK-N  apparatus  fitted  with  a  6-M  filter,  having  maxi* 
mum  li£)it  transmission  at  584  m  p;  a  1  cm  cell  was 
used.  Reference  solutions  were  prepared  by  shaking  hy* 
drochloric  acid  soludons  containing  the  same  amounts 
of  butylrhodamine  B  and  tiranium  trichloride  with  toluene. 

The  elements  which  interfere  with  the  determln* 
atlon  of  gallium  by  mearu  of  buytlrhodamine  B  ate  djose 
elements  which  also  Interfere  with  determination  of 
gallium  with  ihodamine  B,  Le.  Au*^*,  Fe*^,  Sb'^,  and 
Tl^^^.  The  influence  of  these  cations  can  be  eliminated 
by  adding  titanium  trichloride  as  a  reducing  agent  to 
the  test  solution.  In  diose  cases  where  commercial  hydro* 
chloric  acid,  which  usually  contains  traces  of  iron,  is  used, 
dtanium  trichloride  must  be  added  even  when  working  with 
pure  gallium  solutions  because  of  the  hi^  sensidvity  of 
the  reaction  of  butylrhodamine  B  with  ferric  iron  (iho* 
damine  B  it  less  temldve  to  iron). 

Where  test  materiab contain  large  amounts  of 
aluminum  (>0.3  mg)  gallium  mutt  be  separated  before* 
hand  from  aluminum.  Extraction  of  gallium  from  6  N 
HCl  with  ether,  butyl  or  amyl  acetate  can  be  used  for 
this  purpose. 

When  test  materials  contain  high  contents  of 
interfering  elements  it  is  always  better  to  cany  out  u 
preliminary  extraction  of  gallium  in  order  to  get  ae* 
liable  results. 
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Table  2.  DetemiiDatlon  of  Gallium  in  Sundard  Samplea 


Ga<ik 

Samples 

Present 

Found 

Copper-zinc  ore 

0.0012 

oiocnr 

Untoasted  lead  dust 

0.0001 

0.00009 

Bauxite  No.  1 

0.0065 

0.0069 

Bauxite  No.  2 

0.0044 

0.0042 

Quartz-topaz  greisens: 

No.  1 

0.0020 

0.0021 

No.  2 

0.0005 

0.0005 

No.  8 

0.0003 

0.00035 

Gallium  was  deternilced  by  means  of  butylrtio- 
damine  B  in  a  large  number  of  different  gallium>con> 
raining  materials:  unroasted  lead  dust,  bauxitiea, 
copper-xinc  ores,  and  quartx  'topaz  grelsens. 

Analytical  Procedure.  An  aliquot  of  test  material 
weighing  from  0.1  to  0.5  g  (depending  on  the  gallium 
content)  it  fused  in  a  corundum  crucible  with  l-l.S  g 
of  Na|0^  and  0.5  g  of  NaOH  at  600-650*.  The  melt  is 
leached  with  hot  water,  die  precipitate  of  hydroxides  is 
dissolved  in  hydrochloric  acid  and  the  hydrochloric  so¬ 
lution  evaporated  on  a  water  bath  until  the  dry  salts  are 
obtained.  The  salts  are  dissolved  in  6  N  hydrochloric 
acid  and  the  solution  transferred  to  a  separating  funneL 


Gallium  is  extracted  three  times  with  amyl  acetate  In  the  presence  of  a  reducing  agent  —  titanium  trichlorides 
the  funnel  Is  shaken  for  1.5-2  min  each  time. 


The  exuact  it  washed  three  times  with  6N  HCl  and  the  gallium  leexuacted  three  times  widi  water.  The  aqueous 
solutions  obtained  are  evaporated  on  a  water  bath  until  the  dry  taltt  are  obtained,  the  laner  are  dissolved  in  5  ml  of 
6  N  HCl  and  transferred  to  a  25  ml  separating  funnel;  the  porcelain  bate  used  for  the  evaporation  it  rinsed  with  2  ml 
of  6  N  HCl.  Two  ml  of  20<^  titanium  trichloride  solution  is  added  to  the  separating  funnel,  the  latter  Is  shaken  and 
1  ml  of  0.1<^  bctylrhod amine  solution  added.  Butylthodamine  B  chlotogallate  it  then  extracted  widt  10  ml  of  toluene 
(benzene)  by  shaking  for  2  min.  After  the  phases  have  separated  out  the  aqueous  solution  it  drained  off.  while  die 
cxnact  is  filtered  dirough  a  plug  of  glass  wool  to  free  it  from  drops  of  water;  the  first  portion  of  filtrate  is  rejected, 
while  the  remainder  is  collected  in  a  1  cm  ceU. 

» 

The  optical  derulty  is  measured  on  a  SF-4  spectrophotometer  at  565  mp  or  on  a  FEK-N  apparatus. 

The  amount  of  gallium  is  determined  from  the  calibration  curve. 

Results  for  die  determination  of  gallium  in  different  materials  are  given  in  Table  2. 

SUMMARY 

The  formation  of  a  complex  between  GaCl^  anions  and  butylthodamine 
B.  and  the  extraction  of  this  complex  (butylthodamine  B  chlotogallate)  with 
toluene  (benzene)  have  been  studied.  It  has  been  shown  that  this  reaction  is 
significantly  mote  sensitive  than  the  well  known  reaction  with  rhodamine  B. 

A  method  has  been  developed  for  the  photometric  determination  of 
gallium  with  butylthodamine  B  in  various  gallium-containing  materials. 
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Fig.  3.  Calibration  lines  for  de¬ 
termination  of  gallium  with  butyl¬ 
thodamine  B  etc  1)  SF-4  speetto- 
photometer  at  565  mp;  2)  FEK-N 
photocolorimeter  ”  nephelometer. 
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PHOTOMETRIC  DETERMINATION  OF  TITANIUM 
WITH  2-(a-N-PIPERIDINO)  ISOPROPTL-4- 
HTDROXYTETRAHYDROFURAN-3-ONB 

O.  R.  Skorokhod,  I.  G.  Titbcbenko,  and  I.  N.  Volnelko 

V.  L  Lenin  Belorussian  Sute  University,  Mindi 

Translated  from  ZbunulAialiticheskoiKbimii,  Vol.  16,  No.  4, 

pp.  426-429,  July  -  Augtttt,  1961 

In  acid  media  quadri  .  titanium  forms  soluble  colored  compounds  [1]  with  certain  tusbtituted  tetiahydio- 
furanooes  prepared  in  recen.  ^ears  by  Nazarov  et  al  [2). 

We  thought  that  it  would  be  interesting  to  study  the  interaction  of  quadrivalent  titanium  ions  with  2-(a-N-piper- 
idino)  isopropyl-4-hydroxytetrahydrofurao'3-one  as  a  representative  of  ^  substituted  teuahydrofuranones,  with  the 
idea  of  establishing  the  possibility  of  using  it  for  die  determiiutioo  of  titanium. 


0«C - CH— OH 

CH,.  I  I 
^C-CH  CH, 
ch/i  W 
NC^HuO 


In  acid  solution  (pH  <  2)  quadrivalent  titanium  fomu  with  2-(a-N-p!peiidioo)  isopropyl* 4-bydtoxytetrahydto- 
furan-3-one  a  soluble  compound  with  an  intense  red-brown  color,  which  is  not  destroyed  in  strong  acids  and  in  the 
presence  of  sulfates,  oxalates,  phosphates,  borates,  and  other  anions.  In  strongly  acid  media  the  solution  of  the  tit¬ 
anium  compound  acquires  a  red-violet  and  even  a  blue  color.  The  reaction  is  best  canied  out  in  a  solution  in  which 
the  hydrogen  ion  concenuation  is  approximately  equal  to  1  g-equlv/ liter.  Using  this  reagent  in  acid  solutions,  tit¬ 
anium  can  be  detected  in  the  presence  of  all  Group  I-V  cations,  and  in  the  presence  of  a  number  of  rare  metal  loot: 

Li  ,  Be**,  Zr^'^,  Ce*'^,  VO^",  The  sensitivity  of  detection  it  characterized  by  a  limiting  dilution  of  1 ;  1,  000,  000, 

The  compound  formed  it  farily  stable.  The  red-brown  color  obtained  on  adding  a  saturated  aqueous  solution  of  the 
reagent  is  preserved  without  change  for  20  min  after  mixing  the  solutions;  the  red-brown  colored  compound  formed 
when  an  alcoholic  solution  of  the  reagent  it  used  it  more  stable;  the  optical  density  does  not  change  over  a  one  hour 
period. 

The  maximum  absorption  of  solutions  of  the  compound  fcirmed  lies  in  dse  420  m/j  region  (Fig.  1). 

The  molar  ration  which  obtains  during  the  Interaction  of  quadrivalent  titanium  with  the  raegent  was  determitsed 
by  the  isomolar  series  method  and  by  the  equilibrium  shift  method  [3,  4].  Several  isomolar  series  were  prepared  which 
differed  in  their  total  concentration  of  reactanta,  the  hydrogen  ion  concentration  being  constant  for  a  particular  series. 
The  optical  density  was  measured  on  a  F§K-M  photoelecuiccolorlmeter  using  a  path  length  of  1.035.  The  titanium  and 
reagent  concenuation  was  varied  over  the  range  0.00398-0.038  M,  while  diat  of  the  acid  was  varied  between  0.04-1.9 
g  -equiv/liter.  At  the  resulu  obtained  show  (Fig.  2),  the  optical  density  it  a  maximum  when  the  ratio  of  the  compo 
nenu  Tl:  R  ■  1  :  2.  The  tame  ratio  was  obtained  on  using  the  ^quilibrlum  shift  method,  in  which  the  optical  density 
of  solutions  with  a  constant  concenuation  of  titanium  and  variable  concentrations  of  the  reagent  was  measured,  the 
reagent  concenuation  being  varied  over  a  wide  range. 

^  ^  By  means  of  electrophoresis  (voltage  60-70  v)  and  loo  exchange  resins  (sulfocoal  in  the  H-form,  and  the  resin 
EDE-10  in  the  OH -form)  it  was  established  that  the  titanium  in  the  colored  compound  it  found  in  the  form  of  a  cation. 
It  should  be  pointed  out  that  a  complex  with  a  ratio  Ti :  R  >  1 1  2  it  formed  in  acid  solutions,  in  which*  at  la  known 
[1],  the  reagent  exisu  as  the  keto-fotm.  Taking  all  this  into  account,  the  following  probable  structure  can  be  advaiKed 
for  the  compound  formed: 
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Dilute  solutions  of  the  titsmium  compound  fonned  (coDcentietion  0.0020  M 
and  lower)  conform  to  Beer's  law. 

We  have  used  the  formation  of  a  colored,  soluble  compound  of  titanium 
with  2-(a-N-piperidino)  isopropyl*4-hydroxytetrahydiDfuran*3>one  as  the  basis  of 
a  photometric  method  of  determining  titanium.  As  indicated  above,  none  of  the 
cations  of  Groups  I  *-  Vjior  some  rare  metals,  interfere  with  the  qualitative  detec¬ 
tion  of  titanium. 

Large  amounu  of  trivalent  iron  interfere  with  titanium  determination  by  in¬ 
creasing  the  color  intensity  of  the  solution.  Neverthess  a  tenfold  excess  of  iron 
with  respect  to  titanium  does  not  interfere  with  determination  of  the  latter.  (Table 
1). 

Nickel  and  cobalt,  even  when  present  in  large  amounn.  do  not  interfere  with 
titanium  determination  (the  original  solution  it  used  as  the  reference  solution). 

Sodium  ethylencdiamlnctetraceute  (EOTA-Na)  does  not  affect  formation  of 
the  compound  of  quadrivalent  titanium  with  the  reagent,  and  does  ix>t  interfere 
with  titanium  determination. 

Titanium  Determination.  The  material  whose  titanium  content  it  to  be 
determined  it  dissolved  in  about  2  N  sulfuric  acid  (where  necessary  it  it  fused  with 
KHSO4  and  then  dissolved),  the  amount  taken  being  such  that  a  solution  with  a 
titanium  concentration  not  greater  than  0.0020  M  is  obtairted.  5-6  drops  of  a 
saturated  alcoholic  solution  of  the  reagent  is  added  to  5  ml  of  the  solution  obtained,  and  the  optical  desnity  measured 
using  a  green  filter.  The  titanium  content  of  the  sample  is  determined  from  a  calibration  curve  (constructed  before¬ 
hand).  The  optical  density  can  be  measured  v/ithin  one  hour  of  mixing  the  solutions.  The  original  solution  of  test 
material  is  used  at  the  reference  solution. 

When  large  amounts  of  iron  are  present,  the  titanium  muit  be  separated.  Titanium  does  not  form  a  stable  com¬ 
plex  with  EDTA-Ka  [5],  Titanium  it  precipitated  from  solution  with  ammonia  after  addition  of  EDTA-Na,  the  pre¬ 
cipitate  is  dinolved  in  sulfuric  acid  and  the  titanium  determined  at  described  above, 

Resulu  for  the  determination  of  titanium  in  several  alloys  Cttandard  samples”)  and  minerals  are  given  in 
Table  2. 


TABLE  1.  Effect  of  Accompanying  Elements  on  the  Optical  Density  of  Solutions  of  6»e 
Titanium  Compound 


Titanium 

content, 

mg/liter 

Impurity,  g/liter 

Optical 

density, 

X=630mp 

Titanium 

content. 

mg/liter 

Impurity,  g/liter 

□ptical 

density 

X^SOmu 

F.“' 

Co" 

Nl" 

Fe'" 

Co 

Nl" 

42.6 

0,21 

85.3 

18,4 

0,37 

42.6 

0,45 

— 

0,21 

85.3 

1*7,6 

0,37 

42,6 

0,89 

— 

— 

0,23 

85,3 

55,2 

0,38 

42,6 

1,34 

— 

— 

0,24 

85,3 

56.2 

0,37 

85,3 

— 

— 

— 

0,37 

85,3 

— 

— 

84,2 

0,37 

Fig.  1.  Absorption  spectrum  of 
solutions  of  the  compound  of 
quadrivalent  titanium  with  2- 
(a-N-plpcrldlno)  lsopropyl-4- 
hydroxytctrahydrofuran-3-onc. 
SF-2M  ipectrohotogtaph.  Tit¬ 
anium  concentration  0.00045 
M.  Path  length  5  mm. 


1  ible  2.  Detcn^ilnaiicn  of  TituUura  in  Sfemplei 


Test  Sample 

Titanium 

content 

Titanium 

found 

Error, 

Ik 

% 

Instrument  steel  (□  184) 

0.01 

0.0098 

2.0 

Stea  (□  274) 

0.06 

0.059 

1.5 

Ferrotitanium 

29.0 

28.99 

0.03 

lime  norutile  mineral 

53.04 

52.96 

0.15 

Thus  titanium  can  be  determined  widi  a  reasonable 
degree  of  accuracy  in  alloys  and  minerals  by  mearu  of  2- 
(a-N-plperidlno)lsopropyl-4-hydtoxytctrahydrofurao-3-onc, 


SUMMARY 

Quadrivalent  titanium  ions  interact  with  2-(a>N* 
piperidirK))  isopropyl-4-teuahydrofuran*3*one  to  form  a 
soluble  compound  with  a  red -brown  color.  The  maximum 
absorption  of  solutions  of  the  compound  formed  lies  at  420 
mp  t  solutions  of  the  complex  conform  to  Beer's  law. 

A  photometric  method  has  been  developed  for  the 
determination  of  titanium  by  means  of  2-(a-N-piperidino) 
isopropyl-4-hydiDyytetrahydrofuran-3-onc. 


K>0  3d765tf3Zie 


Fig.  2.  Isomolar  series  in  the  system  Tl 
-  2-(a-N-plperidion)  isopropyl-4-hydio- 
xyteuahydiDfutan-3-one.  1,2)7.06x10** 
M  titanium  and  reagent.  0.16g-equiv  H 
per  liter;  3.4)  7.96xl0~*  M  titanium  and 
reagent.  0.5  g-equiv  H  /liter;  5,  6)3.98 
xlO**  M  titanium  and  reagent.  0.16  g* 
equiv  H  /liter  (1.  3.  5  at  530  nqi;  2.  4 
6  at  400  ii;p). 
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AMPEROMETRIC  TITRATION  OF  GERMANIUM  WITH  A 
SOLUTION  OF  PTROCATECHOL 
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Institute  of  Metallurgy,  Academy  of  Sciences.  USSR,  Ural  Branch, 
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Dete^miiackm  of  large  amounts  of  germanium  is  carried  out  mainly  by  chenica;  "ethods  at  present.  The 
most  widely  used  of  diese  ~nethodt  is  the  gravimetric  one  based  on  precipitation  ofjermaniuin  with  hydrogen  sulfide, 
followed  by  convenlcn  cf  i  sulfide  into  the  oxide  [1].  The  titrime.cric  method  ccolsu  in  titrating  germanic  acid 
with  alkali  in  the  presence  of  mannitol  or  glucose.  When  diis  method  is  used,  gemsnluro  is  separated  from  other 
elemenu  by  distillation  as  germanium  chloride  or  by  precipitation  with  hydrogen  nifide  [2,  8). 

We  have  developed  a  method  for  the  amperometxic  titration  of  germanium  with  a  pyrocatechol,  using  a  drop¬ 
ping  mercury  electrode  in  an  electrolyzer  provided  with  an  external  anode. 

The  reference  electrode  was  a  saturated  calomel  electrode  which  was  conneccd  to  the  electrolyzer  via  an  agar* 
-agar  bridge. 

Titration  was  canicd  out  with  a  0.1  M  solution  of  pyrocatechol  measured  ou  from  a  microburet  wldi  0.01 
mm  scale  division.  A  borate-acetate  buffer  with  a  pH  7*9  (0.2  M  CHgCOONa  ♦  O.CsTM  NstB^Qi)  proved  to  be  dse 
most  suitable  supporting  electrolyte  for  titration.  In  conuast  to  the  acetate  supportng  electrolyte  we  described 
earlier  [4],  the  borate-acetate  buffer  permiu  one  to  obuin  a  clearly  defined  germnlum  wave  at  high  concentrations 
of  the  latter  in  solution  (8*10  mM/liter).  Under  diese  conditions  a  linear  relation  t  observed  between  germanium 
concentration  and  io  wave  hei^u  The  half-wave  potential  of  germanium  under.hese  conditions  is  -1.45  to  -1.47  vj 
the  limiting  cunent  can  be  measured  at  potentials  of  ~1.6  to  -1.8 


We  esublished  diat  addition  of  pyrocatechol  leads  to  a  decrease,  and  whena  small  exceu  has  been  added,  to 
the  disappearance  of  the  germanium  wave.  Pyrocatechol  itself,  over  the  pH  range  in  which  germanium  it  polaiographed, 
does  not  give  a  wave  (Figs.  1  and  2). 


Titration  of  solutions  with  different  germanium  concentrations  at  —1.7  v  sbwed  that  the  molar  ratio  of 
pyrocatechol  and  germanium  is  constant  as  long  as  the  germanium  concentration  dfrhe  solution  being  titrated  is  not 
lets  than  4mM/liter. 


TABLE  1 


Germanium  concentration, 
mM/liter 

No.  of  moles  of  pyro¬ 
catechol  per  mole  of 
germanium 

0.1 

26.5 

0.2 

20.0 

1 

5.0 

2 

4.1 

8 

8.7 

4 

2.9 

6 

8.1 

8 

8.0 

When  this  ooiiition  is  observed  three  moles  of 
p)rrocatechol  interac  with  one  mole  of  germaniumt 
t^  mi^t  possibly. ndic ate  fonnation  of  a  complex 
with  a  coord  inationmunber  of  p  ■  8. 

On  tire  basis  d  these  experimental  results,  and 
by  analogy  with  tht  lisown  pyrocatechol  complexes  of 
Si,  Ti.  Fe.  etc  [5*7], it  may  be  postulated  that  the 
following  complex  itin  it  present  in  solutions 


The  absence  of  a  germanium  wave  in  the  pretence  of  exce«  pyrocatechol,  icc.  the  wave  is  shifted  by  not  less 
than  -0.5  v,  indicates  diat  the  complex  formed  possesses  hi^  stability. 


Fig.  1.  Gernianium  polarogrami  (0.06 
mM  in  10  ml)  in  a  supporting  electrolyte 
of  0.2  M  aijCOONa  ♦  0.05  M  Na,B40r 
for  the  following  pyrocatechol  contentt: 

1)  0;  2)  O.OS  mM;  3)  O.lO  MM;  4)  0.15  mM 
5)  0.2  mM;  S  «  1/50. 


7  Q.U  0,8  tjl  Ut  2JB  Z.4  I'' 
Pyrocatechol  solution,  ml 

Fig.  2.  Titration  curve  of  germanium  (6 
mM/liter)  with  0.1  M  pyrocatechol  solution 
in  a  borate -acetate  supporting  electrolyte. 
Initial  volume  of  solution  10  ml;  S  •  1/50. 


Tittatlon  of  a  solution  with  a  germanium  content  of  6  mM/llter 
at  different  pH  values  Aowed  that  on  Increasing  the  pH  from  6.8  to 
9.1  the  height  of  the  germanium  wave  decreases  by  one  third  while 
the  amount  of  pyrocatechol  used  up  in  a  titration  decreases  by  only 
2.&V  Accordingly,  at  hig)i  germanium  contents  amperometrlc  titra¬ 
tion  gives  more  reliable  resulu  tiian  the  polarographic  method. 

Pyrocatechol  interacts  with  many  elements;  accordingly;  during  de¬ 
termination  of  germanium  in  complex  materials,  germanium  must  be 
removed  beforehand.  This  was  accomplished  by  the  generally  adopted 
method  of  exuacting  with  carbon  tetrachloride  [8]. 

Germanium  can  be  separated  from  all  elements  apart  from 
arsenic  by  this  method.  Arsenic  in  iu  trivalent  form  distorts  the  ger¬ 
manium  wave  during  tiuation  with  pyrocatechol.  Quinquevalent 
arsenic,  however,  does  not  affect  reduction  of  germanium  on  the  drop¬ 
ping  mercury  electrode.  Accordingly,  after  exuaction  of  germanium, 
it  is  recommended  that  trivalent  arsenic  be  reduced  to  its  quirsquevalent 
sute  by  means  of  iodine  in  the  presence  of  starch. 

Germanium  is  determined  as  follows.  An  aliquot  of  test  mater¬ 
ial  (2-4  g  for  germanium  contenu  up  to  V%.  0.2-1  g  for  germanium 
contents  greater  dian  \ofo)  is  decomposed  by  the  usual  method  with  a 
mixture  of  acids,  or  by  fusion  with  sodium  peroxide  [9-10].  When  the 
second  technique  is  used,  after  the  melt  has  been  leached  it  it  essen¬ 
tial  to  add  hydroxylamine  to  destroy  the  hydrogen  peroxide. 

The  test  tolution.whose  volume  amounts  to  15-30  ml.is  trans¬ 
ferred  to  a  separating  funttel,  and  concenuated  hydrochloric  acid  in 
an  amount  equal  to  three  times  the  volume  of  test  solution  is  added, 
followed  by  50  ml  of  carbon  teuachloride.  The  mixture  to  be  ex- 
uacted  it  then  cooled  in  order  to  avoid  volatilization  of  germanium, 
which  occun  at  elevated  temperatures,  and  extraction  is  carried  out 
for  2  min.  Forty  ml  of  carbon  tetrachloride  is  used  for  the  second 
exuaction;  after  this  exuactioii  the  organic  layer  is  washed  with  10 
ml  of  10  N  hydrochloric  acid. 

The  germanium  is  reextracted  from  the  combined  exuacts  with 
two  portions  of  water,  the  firn  of  10  ml  atxl  the  second  of  5  ml.  The 
aqueous  solution  containing  the  germanium  is  traiufened  to  a  25  ml 
standard  flask,  the  pH  is  adjusted  to  eight  with  the  buffer  solution  (4 
M  CH|COONa  and  0.1  M  Na|B407),  and  if  necessary  with  a  few  drops 
of  1  N  sodium  hydroxide,  using  ZlV-1  or  phenolphthalein  as  indicator. 
Trivalent  arsenic  is  then  oxidized  with  0.01  N  iodine  solution  in  the 
presence  of  two  drops  of  V%  starch  solution,  and  the  volume  finally 
made  up  to  the  mark  with  buffet  solution. 

Ten  ml  of  this  solution  is  uansferred  to  the  electrolyzer,  and 
after  purging  for  5  min  with  hydrogen,  it  it  tiueted  at  —  1.7  v  witii 
0.1  M  pyrocatechol  solution  delivered  from  a  microburet. 


The  pyrocatechol  solution  is  standarized  amperometrically  with  a  standard  germanium  solution,  using  the  same 
supponing  electrolyte. 

The  method  which  we  recommended  was  checked  on  samples  containing  appreciable  amounts  of  copper,  zinc, 
lead,  arsenic,  arsd  other  elements. 

Results  of  amperometrlc,  polarographic,  and  photometric  determinations  are  compared  in  Table  2. 

Thu  method  was  alto  tested  on  samples  to  which  a  standard  germanium  solution  was  added. 


TABLE  a 


Germanium  found.  ^ 


Amperometrlcally 

Polarographlcally 

Photometrically 

0.25 

0.29 

- 

0.25 

0.24 

— 

0.20 

0.22 

0.20 

0.18 

0.21 

0.18 

0.24 

0.24 

0.35 

0.34 

0.37 

2.79 

0.79 

2.86 

TABLES 


Germanium 


Amount  In  test 
sample,  mg 

Added. mg 

Total  taken, 
mg 

Found, 

mg 

Error  (rel¬ 
ative),  % 

8.8 

7.3 

16.1 

15.9 

1.24 

9.5 

3.6 

13.1 

12.7 

3.06 

1.7 

7.3 

9.0 

8.4 

6.67 

0.34 

7.26 

7.6 

7.2 

5.2 

The  experimental  teaults  are  ihown  In  Table  S| 

It  U  clear  from  these  results  that  the  mean  eitoc  is 

The  method  developed  can  therefore  be  recom* 
mended  for  the  determination  of  germanium  at  the  level 
of  tenths  of  a  percent  and  whole  percentages. 

SUMMARY  * 

A  new  method  has  been  developed  fcr  the  amper* 
ometrlc  titration  of  germanium  with  a  pyrocatedMl  ao* 
lutlon;  the  supporting  electrolyte  consists  of  sodium 
acetate  and  sodium  tetraborate  at  pH  7-9.  while  • 
dropping  merctiry  electrode  is  used  as  the  Indicator 
electrode. 
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Cupfenon  has  found  wide  application  in  chemical  analysis  for  the  gravirnettic  determination  of  a  lumber  of 
elements.  In  amperometric  titration  use  is  made  of  the  property  of  cupfenon  to  be  reduced  on  a  dropping  mercury 
electrode,  and  also  to  be  oxidized  on  a  routing  platinum  elecaode  during  determinadon  of  titanium  11-4],  drconiazB 
[5-7],  and  some  rare  earths  [11).  The  composition  of  the  cupferronates  of  the  rare  errths  of  the  cerium  group  whick 
are  formed  corresponds  to  the  formula  MeCupi  [8-11],  while  that  for  the  cupfenonates  of  the  yttrium  groqr  of  the 
rare  earths  conesponds  to  MeCup^  and  NH/lIup  [12). 

Thorium  also  forms  sparingly  soluble  cupfenonates;  published  information  on  the  conditions  under  which  they 
are  formed  is.  however,  connadictory.  In  all  the  methods  described,  it  is  recommended  that  the  final  sute  in  the 
determination  should  be  calcination  to  the  oxide.  Thornton  [13]  has  indicated  that  it  should  be  pouible  to  precipi- 
Ute  thorium  with  cupfenon  from  acetic  acid  solutions  not  conuining  free  sulfuric  acid.  Lendell  et  al  [14]  recomtzxnd 
that  precipiution  should  be  canied  out  at  pH  4  and  higher,  but  also  refer  to  the  possibility  of  precipiuting  thoriom 
even  from  very  concentrated  hydrochloric  acid  solutions.  Eckhert  and  Bane  [IS]  indicate  that  thorium  forms  several 
complex  compounds  with  cupfenon,  and  that  a  precipiute  is  formed  on  adding  cupferron  to  sulfuric  acid  solutiona  of 
thorium  at  pH  3L5-4.S. 

The  aim  of  the  work  described  here  was  to  esublish  more  accurately  the  conditions  leading  to  the  formatioo  of 
tiiorium  cupfenonate,  to  determine  the  composition  of  the  precipiute,  to  study  the  effect  of  foreign  ions,  and  to  cs- 
ublish  the  pouibility  of  titrating  thorium  amperomeaically  witii  cupfenon  in  the  presence  of  the  rare  earths. 

lO'^M  solutions  of  chemically  pure  thorium  nitrate,  and  of  the  nitrates  and  chlorides  of  cerium,  lanthanum, 
praseodymium,  neodymium,  and  yttrium  were  used  in  the  course  of  the  work.  The  concentration  of  die  solutions  was 
determined  gravimetric  ally:  the  oxalate  method  wu  used  for  thorium,  and  the  hydrcxyquinoline  method  for  the  rare 
earths. 

Cupfenon  solutions  were  prepared  by  the  method  described  by  KuTberg  [16]  and  by  Usatenko  and  Bekleshora 
[2-3],  both  with  and  without  the  use  of  a  subilizcr-’phenacetin.  The  concennation  of  the  cupfenon  solutions  was  de¬ 
termined  by  amperomeffic  titration  of  tiunium  sulfate  solutions  [2-3].  Citric  and  sulfcsalicylic  acids  were  used  as 
O.S  M  solutions. 

The  ammonia-aceute  buffer  solutions  were  prepared  from  chemically  pure  grade  reagents.  pH  was  controlled 
potentlomeffically.  The  remaining  reagents  were  used  in  the  form  of  their  0.1-0.2  M  solutions,  while  coagulators 
were  used  in  the  form  of  the  chemically  pure  dry  ulti. 

Tiuation  was  canied  out  with  a  routing  platinum  anode  (I  «  8  mm.  d  >  0.5  mm)  and  a  satiuated  calomel 
electrode,  at  an  applied  potential  of  1.0  v.  The  diffusion  current  was  recorded  with  a  type  0  galvanometer  on  a  scale 
with  100  divisions,  one  whole  division  being  equal  to  0.42  x  10~*  amp.  Five  ml  of  buffer  solution  was  used  when  the 
toul  volume  of  solution  being  titrated  was  10-15  mL 

Investigation  showed  that  the  most  reproducible  results  for  titration  of  thorium  are  obtained  at  ph  3-4.  Apprec¬ 
iable  formation  of  a  precipiute  it  observed  on  addition  of  approximately  1/4-1/ 3  of  the  volume  of  precipitant  core- 
^KKxJing  to  the  equivalence  point  (fig.,l).  We  originally  interpreted  this  as  formation  of  a  complex  ion  with  t» 
composition  ThCup*^.  However,  on  measuririg  the  value  of  the  diffusion  curren*  of  solutions  conuining  increasing 
amounts  of  equimolar  mixtures  of  thorium  nitrate  and  cupferron,  no  increase  in  ij  was  observed.  Obviously,  the  Cru 
inctease  in  i^  on  the  titration  curve  (fig.,  it  determined  not  by  formation  of  a  complex  ion  and  its  oxidation  on 
the  anode,  but  by  the  appreciable  solubility  of  the  precipitate.  The  precipitate  tends  to  form  a  colloid.  In  order  v 
prevent  colloid  formation,  and  to  lower  the  solubility,  we  tested  some  electrolyte -coagulators  ~  the  chlorides,  nittataa. 
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Table  1  Tioatlon  of  a  Thorium  Salt  Solution  with  Cupferron  (Total  volume  1*>  ml; 
pH  4.2;  3  g  NaCl). 


Thorium  M  x 
10"*  taken 

M  X  10**  cupferron  taken  for  titration 

Mean  M  x 
10"*  cupfenon 

0.12 

0.47;  0,50;  0,49;  0,50;  0.48; 

0,49 

4.08 

0.24 

0.99;  !,<»;»;  0,97;  ii,97;  0,88 

0,96 

4.08 

0,48 

1,95;  1,90;  1.92;  1,94;  1.93 

1,93 

4.02 

1,20 

4,75;  4,70,  4,72;  4,80;  4.73 

4,70 

3.92 

2,80 

11,18;  11.12;  11,18;  11,12;  11,15 

11,15 

3.98 

5,60 

22,40;  22,60;  22,47;  22,50;  22,54 

22.5i> 

4.02 

Table  2  Titration  of  Cupfenon  Solution  with  a  Thorium  Salt  (Titratioa 
conditions  the  ume  as  given  in  Table  1). 


M  X  10-*  1 

cupfexron 

i  M  X  10**  M  thorium  nitrate  solution 
taken  for 

Mean 

Mcup/M-m 

0,50 

0,12;  0.13;  0.15;  0,10;  0,15 

0,13 

3.85 

2,00 

0.55;  0,45;  0,45;  0,50;  0,45 

0,48 

4,16 

lO.OiS 

2,49;  2,52;  2,49;  2,49;  2,50 

2,50 

4,00 

20.00 

5.10;.  4,96;.  4.98:  4.98:  5.06 

5,02 

3.96 

Titration  curves  of  1.2  x  lO**  M 
thorium  nitrate  with  0.0463  M  cupfer* 
ron  solution.  Volume  10  ml.  pH  4.1. 
a)  Without  a  coagulator;  b)  with  a 
coagulator,  0.05  mole  NaCl;  c)  in  the 
presence  of  O.OS  mole  NaNO);  d)  in 
the  presence  of  0.025  mole  Na|S04. 


atxi  sulfates  of  the  alkali  meuls  and  ammonium.  In  the  presence  of  sul¬ 
fates.  tiuation  of  thorium  widi  cupferron  is  impossible;  apparently,  the  sul¬ 
fate  complex  of  thorium  is  more  stable  than  its  cupferronate  (fig.*  d  ). 

The  chlorides  proved  to  be  most  effective,  the  best  of  these  being  sodium 
chloride  when  the  amount  of  it  present  in  10-15  ml  of  solution  being  titrated 
was  3-S  g  (Hg.  *  b  )..  Under  dicse  conditions  a  precipiute  is  formed  on 
adding  the  first  drops  of  precipitant 

As  the  results  in  Tables  1  and  2  show,  at  the  equivaletK:e  point  the 
molar  ratio  of  cupfenon  to  thorium  it  equal  to  4:1,  both  during  direct  and 
back  titration;  this  confirms  formation  of  a  precipitate  with  die  composition 
ThCup4.  Formation  of  a  precipitate  occurs  in  the  course  of  the  first  45-60 
sec,  accordingly, during  titration  the  current  was  measured  one  minute  after 
adding  fresh  portions  of  precipitant. 

At  pH  4  and  higher,  the  rare  earths,  like  diorium^e  titrated  with  cup¬ 
fenon  to  form  precipitates  with  the  composition  MeCup)[ll].  As  shown  be¬ 
low,  in  the  presence  of  appropriate  masking  agents,  and  also  on  lowering 
the'pH  of  the  solutions  below  4.  it  is  possible  to  cany  out  selective  titratioo 
of  thorium  with  cupferron  in  the  presence  of  the  rare  earths.  The  limiting 
ratio  of  Th:  rare  ea.th  for  which  satisfactory  titratioo  results  are  obuined 
depends  oc  the  pH  of  the  solution  and  on  the  nature  of  the  masking  agenL 


Citric  and  sulfosallcylic  acids.which  are  used  in  die  analysis  of  min¬ 
erals  containing  thorium  and  the  rare  earths^were  used  as  masking  agents 
for  the  rare  earths.  Thus  the  use  of  citric  acid  in  amounts  not  greater  than 
1.0-1. 5  ml  of  0.5  M  solution  in  buffered  solutions  with  pH  3,  when  the  total 
volume  it  10  ml,  makes  it  possible  to  determine  thorium  in  the  pretence  of  equimolar  amounts  of  the  rare  earths  with 
reasonable  accuracy.  However,  if  the  tame  volume  of  citric  acid  is  used  in  solutions  not  containing  buffer  mixtures 
(the  pH  being  equal  to  2.0-2.5),  then  it  it  possible  to  determine  thorium  at  molar  ratios  to  the  rare  earths  of  1:2  and 
even  1:2.6.  The  relative  error  does  not  exceed  3.  Increasing  d>e  citric  acid  concentration  leads  to  partial  dittoludoo 
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Table  3.  Detexmination  of  Thorium  and  Total  Rare  Earths  by  Amperometi'ic  Titradon  with 
CupferroQ  Solution* 


(Mean  deviaH 

Probable  de- 

tion  of  an  ii>.viation  of  an 

'dividual  de- 

individual 

termination 

determination 

0,602 

0,606 

0.012 

2,06 

0,011 

1.81 

1,200 

1,244 

0,034 

2,78 

0,031 

1.50 

0.602 

0.6<ki 

0,010 

1.65 

0,008 

1,32 

2,543 

2,600 

0,023 

0,88 

0,020 

0,77 

0.602 

0,615 

0,011 

1,79 

0,010 

1,62 

2,907 

2,948 

0,62 

2,10 

0,050 

1,70 

2,408 

2,394 

0,037 

1,55 

0.t\30 

1,26 

4.8O0 

4,906 

0,116 

2,36 

0,096 

1,97 

6.030 

6,035 

0,112 

1,85 

0,098 

1,61 

25,430 

25,969 

0,418 

1.49 

0,320 

1.23 

6.020 

5,816 

0,110 

1,96 

0,090 

1,60 

29,070 

29,408 

0.508 

1,75 

0,432 

1.47 

8.190 

8.364 

0,199 

2.38 

0,174 

2,08 

16,313 

16,216 

0,071 

0,44 

0,041 

0,25 

8.190 

8,368 

0,176 

2,10 

0,167 

2,00 

39,532 

40,243 

0,704 

1,75 

0.564 

1.40 

*  Total  Th  and  rare  earths  was  titrated  at  pH  4.2  in  a  volume  of  10  - 15  ml. 

*  *  Arithmetic  mean  of  5  determiiutions. 


of  the  cupferronate,  while  an  increase  in  the  amount  of  tare  earths  leads  to  their  coprecipitation  with  diorium. 

Replacement  of  citric  acid  by  its  potassium  salt  leads  to  formation  of  double  salts  of  the  rare  earths,  as  shown 
in  117],  aixl  to  the  formation  of  diorium  precipitates  of  variable  composition,  in  which  the  molar  ratio  of  cupferron 
to  thorium  increases  with  increasing  concenoatiCD  of  potassium  citrate. 

The  use  of  sulfosalicylic  acid  as  a  masking  agent  permits  readily  reproducible  tination  results  to  be  obuined 
even  at  pH  1.7-1. 5.  Such  an  increase  in  acidity  does  not  only  increase  the  solubility  of  the  cupferronates  of  the  rare 
earths,  but  also  favors  increasing  adsorption  of  foreign  ions  by  the  thorium  cupferronate  precipitate.  The  optimum 
sulfosalicylic  acid  content  during  titration  is  0.1-0.15  M  (2-3  ml  of  O.S  M  acid  in  10  ml  of  the  solution  being  titrated). 
At  higher  sulfosalicylic  acid  concentrations  diuolution  of  the  thorium  cupferronate  precipitate  is  observed  and  the 
titratioo  results  obtained  are  low. 

Prolonged  storage  of  solutions  (30-48  hr)  conuining  thorium  cupferronate,  sodium  chloride,  sulfosalicylic  acid, 
and  a  small  exceu  of  cupfenon  is  accompanied  by  partial  and  sometimes  complete  dissolution  of  die  precipitate. 

Under  the  conditions  used  for  titrating  thorium,  in  the  presence  of  sulfosalicylic  acid  at  pH  l.S(2mlof  0,5  M 
HSal*  .  3  g  NaCl,  volume  10  ml),  trivalent  ions  of  the  rare  earths  of  the  cerium  and  yttrium  groups  are  not  precipi¬ 
tated  by  cupferron.  Satisfactory  results  for  thorium  are  obuined  when  the  molar  ratios  of  diorium  to  lanthanum, 
praseodymium,  neodymium,  and  yttrium  in  mixtures  are  less  than  or  equal  to  1:8:10:10:8  respectively.  The  exception 
is  aivalent  cerium,  in  the  presence  of  which  satisfacmry  results  are  obuined  when  the  ratio  is  Th:Ce  >  1:2  5.  When, 
in  addition  to  cerium,  other  tepresenutives  of  the  rare  earths  tested  are  present,  cerium  has  hardly  any  effect 

Salts  of  the  alkaline  earth  meuls  do  not  interfere  with  titration  at  ratios  of  ThKIa:Mg  etc.  of  the  order  of 
1:500-800;  aluminum  and  beryllium  do  not  interfere  at  ratios  of  1:400.  Phosphates  and  silicates  do  not  interfere  with 
titration.  Trivalent  iron,  zirconium,  and  tiunium  are  coprecipiuted  with  thorium,  and  interfere  with  titration. 
Fluorides,  sulfates,  and  sodium  ethylenediaminetetraceute  interfere  widi  titration. 

On  the  basis  of  the  work  carried  out,  the  following  method  can  be  recommended  for  the  determination  of  tho¬ 
rium  and  toul  rare  earths  in  mixtures  of  their  salts. 

An  aliquot  of  test  solution  conuining  from  0.2  to  5-10  mg  of  thorium  and  a  corresponding  amount  of  the  rare 
earths  is  transferred  to  a  50  ml  beaker;  3  g  of  NaCl  and  5  ml  of  buffer  solution  with  pH  5  a  0.2  are  added,  and  the 
volume  of  the  solution  made  up  to  10  ml  with  distilled  water  (the  final  pH  should  be  4-4.5).  A  routing  platinum 
electrode  is  immersed  in  the  solution,  as  well  as  the  bridge  connecting  the  saturated  calomel  electrode;  a  potential 
of  1  V  is  applied  (with  respect  to  the  saturated  calomel  electrode)  and  the  solution  titrated  with  cupferron  solution, 
the  galvanometer  readings  being  uken  one  minute  after  each  new  portion  of  precipiunt  is  added.  Under  diese  con¬ 
ditions.  thorium  and  total  rare  earths  are  titrated. 

*Sal  repceseno  the  anion  of  sulfosalicylic  acid. 
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To  •  Kcond  aliquot  of  the  tame  loluUoo  It  added  3  g  NaCl  and  2  Ml  of  O.S  M  lulfotalicylic  ^cidt  the  volume 
It  made  up  to  10  ml  %#lth  water,  and  the  aoluUon  titra^d.  The  volume  of  cupfenon  solution  usee  on  ic  this  case  cot* 
responds  to  the  thorium  content  .  . 

For  thorium  contents  of  leu  than  2.0  mg  it  is  recommended  that  titration  be  canied  out  with  0.01*0.02  M  cup* 
feaon  solution,  while  for  thorium  contents  of  1*10  mg,  titration  is  carried  out  with  0.05  M  cupfenon  solution;  at  high* 
ex  thorium  concentrations,  in  the  presence  of  large  amounts  of  the  rare  earths,  it  is  recommended  that  0.07*0,1  M 
cupfenon  solutions  be  used  for  tioating. 

Results  fur  the  determination  of  thorium  and  toul  rare  earths  given  in  Table  3  show  that  reasonably  good  repro* 
ducibility  and  accuracy  are  ponible. 

SUMMARY 

Thorium  forms  a  prccipiute  of  composition  ThCup4  with  cupfenon  over  a  wide  pH  range  in  die  absence  ct 
strong  acids  and  sulfates.  The  precipiute  tends  to  form  a  colloid,  and  coagulaton  roust  be  used;  sodium  chloride  la 
the  most  efficient  for  this  purpose. 

Sulfosalicylic  acid  exhibits  a  stronger  masking  effect  than  citric  acid  during  titration  of  thorium  in  the  pteseiKe 
of  the  rare  earths. 

Optimum  conditions  have  been  esublished  for  the  amperometric  titratloo  of  thorium  in  the  presence  of  cerium 
group  rare  earths.  The  method  suggested  has  been  checked  on  synthetic  mixtures.  The  reproducibility  and  accuracy 
of  the  method  are  satisfactory. 
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We  have  shown  previously  diat  it  is  possible  to  carry  out  quantitative  amperometric  determination  of  bismuth 
on  the  basis  of  the  formation  of  the  iodobismuthites  of  S-hydroxyquinoline  [1]  and  pyramidone  [2],  and  that  ampero* 
meaic  tiaation  can  be  carried  out  on  the  basis  of  both  the  cathode  and  anode  current.  In  the  first  instance  [1],  bis¬ 
muth  is  titrated  with  a  dropping  rncrcury  electrode  and  with  rotating  platinum  microelectrodes,  while  in  the  second 
instance  bismuth  can  only  be  titrated  with  a  dropping  mercury  electrode.  On  the  basis  of  the  fact  that  certain  other 
organic  bases  are  also  capable  of  forming  sparingly  soluble  compounds  with  potassium  iodobismuthite  [3-6]  in  acid 
media,  we  decided  to  investigate  the  pouibility  of  using  some  of  these  bases  for  the  quantitative  determination  of 
bismuth  by  an  anode  amperometric  method  on  a  setup  provided  with  a  rotating  platinum  microcleccode. 

Experiments  on  amperometric  tiaation  of  bismuth  with  potassium 
iodide  in  the  presence  of  organic  bases  were  carried  out  as  before  [1], 
on  the  basis  of  the  oxidation  current  of  iodide  ions  at  a  platinum  elec- 
oode  potential  of  ■fO.44  v,  and  using  a  setup  of  the  usual  type  provided 
with  a  routing  platinum  microelecaode.  At  higher  potentials  the 
platinum  elecaode  becomes  covered  with  a  black  precipiute  of  io¬ 
dine.  By  tiaating  on  the  basis  of  the  anode  current,  interference  from 
oxygen  and  a  number  of  other  readily  reduced  ions  is  avoided.  A  ut- 
urated  calomel  half-element  with  a  large  mercury  surface  was  used 
as  the  nonpolarizing  elecaode.  The  elecaolyte  bridge  which  con¬ 
nected  die  solution  being  tiaated  widi  the  calomel  half-element 
dvough  an  intermediate  vessel  containing  potassium  chloiide  was 
filled  with  potassium  niaate  solution.  The  current  was  measured 
widi  a  mirror  galvanometer  fitted  with  a  shunt.  The  platinum  elec- 
aode,which  was  rotated  at  700  rpm,was  a  glass  tube  10  mm  in  diame¬ 
ter  widi  a  fused  side  arm  close  to  the  lower  sealed  end  with  a  plati¬ 
num  wire  0.4  mm  in  diameter  and  4  mm  long.  Tiaation  was  carried  out  in  the  usual  100  ml  beakers.  The  potassium 
iodide  solution  was  added  from  a  up  leu  microburet  of  the  Shilov  type;  the  capacity  of  the  buret  was  S  ml,  while  the 
scale  divisions  were  0.02  mL  The  platinum  elecaode  was  cleaned  with  concenaated  niaic  acid  and  rinsed  with  water 
before  each  tiaatioa. 

The  poussium  iodide  solution  was  prepared  by  dissolving  an  acciuately  weighed  amount  of  the  chemically  pure  ult  In 
water,  while  the  bismuth  niaate  solution  was  prepared  by  dissolving  an  aliquot  of  chemically  pure  bismuth  metal  in 
niaic  acid  (1:1),  followed  by  dilution  to  a  definite  volume  with  water.  The  amount  of  niaic  acid  uken  was  suffi¬ 
cient  to  dissolve  the  bismuth  and  to  give  a  final  solution  with  an  acidity  of  0.4  N. 

Tiaation  was  carried  out  as  follows.  O.S  g  of  the  organic  base  was  added  to  the  bismuth  niaate  solution  con- 
uined  in  a  beaker.  The  optimum  acidity  of  the  solution  for  carrying  out  tiaation  of  bismuth  had  been  determined 
beforehand  in  special  experiments;  the  requisite  acidity  was  then  obtained  by  adding  a  known  amount  of  18  N  sulfuric 
acid  and  water.  The  volume  of  solution  being  tiaated  was  40  ml  in  all  experiments.  The  requisite  potential  of  the 
indicator  elecaode  was  appUed  and  tiaation  with  potassium  iodide  carried  out.  The  initial  value  of  the  cunent  waa 
recorded  ,  and  subsequently  the  current  was  recorded  after  addition  of  each  portion  of  reagent;  initially  the  reagent 
was  added  in  large  aliquoa  to  the  appearance  of  a  large  current,  but  toward  the  end  the  reagent  was  added  in  small 
amounts,  1-2  drops.  The  end  point  was  established  by  the  usual  graphical  method. 


Table  1.  Tiaation  of  Bismuth  with  Potas¬ 
sium  Iodide  in  the  Presence  of  500  mg 
Antipyrine  in  a  Supporting  Elecaolyte  of 
2.5  M  Sulfuric  Acid.  Tiaation  on  the 
Basis  of  the  Anode  Cunent  (mean  of  4-S 
determinations) 


Bismuth,  mg 


Taken 


Found 


i  Deviation  of  the 
‘I mean  found  frotr 


43.80 

43.58 

0,52 

.32. 8.3 

32. (« 

0,51 

20. H8 

20.99 

0.04 

10,49 

10.62 

1,15 

5,25 

5.83 

11.04 

44t 


Table  2.  Titration  of  21.22  mg  of  Bismuth  with  Potassium  Iodide  in  the  Presence  of  Foreign 
Ions  in  a  Supporting  Electrolyte  of  2.(  M  Sulfuric  Acid,  at  a  Platinum  Electrode  Potential 
of  40. 44  V,  and  in  the  Presence  of  Antipyrine  (mean  of  4>6  determinationa) 


Foreign  salt 

Molar  1 
ratio  1 

Bismuth 
found,  mg 

Dev.  of  the 
mean  found 
from  that 
taken,  j 

Foreign  salt 

Molar 

ratio 

Bismuth 
found,  mg 

Si? 

>SeS 

Z  vox 

KNO, 

100 

20,95 

1.27  , 

PWNO,), 

1 

21.14 

0.38 

KNO, 

50 

21. 2t 

0,05 

la) 

21.14 

0.38 

KC,H,0, 

200 

21,16 

0,27 

MnSO, 

100 

21,30 

0,38 

KCl 

20 

20,40 

3,59 

C0SO4 

50 

21.10 

fl.SS 

KCI 

10 

21,10 

0,55 

ZnS04 

50 

21,18 

0,18 

KCl 

5 

21,22 

0,00 

KA1(S04), 

100 

21.26 

0.18 

(EDTA-Na) 

100 

21,06 

0,73 

NiS04 

.50 

21.34 

0.55 

(EDTA-Na) 

.50 

21,10 

0,60 

MgS04 

100 

21,33 

0.50 

i-Ttaric  acid 

200 

21,37 

0,69 

Cr,(S04), 

50 

21.33 

0.50 

Tartaric  acid 

VKt 

21,26 

0,19 

CdS04 

5 

21,67 

2.12 

Na,HPO« 

100 

21,19 

0.14 

CdS04 

2.5 

21.14 

0,38 

Citric  acid 

.50 

21,. 38 

0,75 

Antimonyl  potauium 

1 

21,26 

0.18 

Citric  acid 

100 

21.42 

O.OT 

uraate 

Hb(NO»), 

25 

20,05, 

5,57 

Sodium  arsenite 

1 

23.99 

1,08 

Titration  of  Bismuth  with  Potassium  Iodide  in  the  Presence  of  Antlpyrine.  During  titration  of  equal  amounts  of 
bismuth  (20.98  mg  in  40  ml  of  solution)  with  potassium  iodide  in  the  presence  of  500  mg  antipyrine  at  a  platinum 
electrode  potential  of  40.44  v,  it  was  esublished  that  satisfactory  results,  close  to  the  true  values,  are  obtained  when 
the  acidity  of  the  solution  being  titrated  is  2.S  M.  At  lower  acidities  high  results  are  obtained  for  bismuth,  while  at 
very  high  acidities  the  results  are  low,  the  results  being  lower  the  higher  the  acidity  of  the  solution  being  titrated. 

Thus  in  the  presence  of  antipyrine,  as  before  in  the  presence  of  pyramidone  [2],  the  optimum  acidity  of  die  solution 
being  titiated  is  2.5  M.  The  amount  of  antipyrine  iised  during  titration  of  bismuth  with  potassium  iodide  should  be 
20-40  tinnes  that  of  the  bismuth. 

At  Table  1  shows,  the  results  of  titrating  bismuth  are  completely  satisfactory  and  are  reasonably  reproducible. 
There  it  a  fairly  good  proportionality  between  the  amount  of  potassium  iodide  used  and  the  anrount  of  bismuth:  four 
iodide  ions  correspond  to  or)e  bismuth  ioit 

It  it  clear  from  Table  2  that  even  very  large  amounts(  100- 200x)cf  nitrates,  aceutet,  taroatet,  citrates,  sulfates, 
and  phosphates,  as  well  at  sodium  ethylenediaminetetraceute  do  not  interfere  with  bismuth  titration.  Chloride  iora 
at  concentrations  not  greater  than  ten  timet  that  of  bismuth  do  not  interfere  with  titration  of  the  latter.  At  higher 
concenaations  chloride  ions  lower  the  results  for  the  titration  of  bismuth,  since,  apparently,  they  partly  enter  into  the 
composition  of  the  bismuth  complex  instead  of  the  iodide  ions. 

Many  cations  do  not  interfere  either.  Thus  even  very  large  (50-10C  X)  amounts  of  divalent  Iron,  manganese, 
zinc,  aluminum,  magnesium,  cobalt,  nickel,  and  chromium  do  not  interfere  during  bismuth  titration.  Appreciable 
amounts  of  lead,  cadmium,  trivalent  antimony,  and  arsenic  interfere.  Satisfactory  results  can  be  obuined  for  bumuth 
when  the  amount  of  lead,  trivalent  antimony,  and  arsenic  is  the  same  as  that  of  bismuth  (1:1).  When  cadmium  Is 
present,  bismuth  can  only  be  titrated  when  the  cadmium  concenaation  it  not  more  than  three  times  that  of  bismuth. 

The  method  developed  has  been  checked  on  t)’ndictic  mixtures  of  chemically  pure  meult  (58.14<Jk,  Bi,  16.62^ 
Cd,  and  25.24^  Pb).  2.0849  g  of  alloy  was  dissolved  in  20  ml  nitric  acid  (1:1),  the  solution  was  transferred  to  a  500  ml 
standard  flask  and  its  volume  made  up  to  the  mark  with  water.  An  aliquot  of  tiiit  solution  was  titrated  by  the  anode 
amperometric  method  with  potassium  iodide  in  the  pretence  of  antipyrine.  The  mean  of  five  determinations  of  bis*; 
muth  in  the  mixture  deviated  by  0.20^  from  the  amount  taken. 

Titration  of  Bismuth  with  Potauium  Iodide  In  the  Presence  of  Pyramidone.  ft  has  been  shown  earlier  that  it  is 
pouible  to  titrate  bismuth  amperometrically  with  potauium  iodide  in  the  pretence  of  pyramidone  on  a  setup  with  a 
dropping  mercury  electrode  [2].  Taking  into  account  the  advanuges  of  a  routing  solid  microelectrode  over  a  drop¬ 
ping  mercury  electrode,  in  the  course  of  the  work  described  here  we  studied  the  pouibility  of  determining  bismuth  by 
an  anode  amperometric  method  using  a  routing  platinum  microelectrode  in  the  presence  of  pyramidone. 


Tabk  S.  /no(*e  Titratioo  of  Bltmudi  with 
Potassium  Iodide  in  the  Presence  of  500 
mg  Pyramidone  in  a  Supporting  Electro* 
lyte  of  2.5  M  S>ilfutic  Acid  (nrean  of 
4*5  parallel  determinations) 


Bismuth,  mg 

Deviatioa  of  the 
mean  value  fount 
from  that  tal.en^ 

Taken 

Found 

43,00 

43.97 

0,39 

32.85 

32,66 

0,57 

31,47 

31,53 

0,19 

20,96 

20.90 

0.38 

10,95 

10.62 

3,01 

5,25 

5,60 

6,66 

Table  4.  Anode  Titration  of  Bismuth  with 
Potassium  Iodide  in  the  Resence  of  200 
mg  0  *  Naphthoquinone  in  a  Supporting 
Elecaolyte  of  3.5  M  Sulfuric  Acid  (mean 
of  5*6  paralVel  determinations) 


Bismuth,  mg 

Deviation  ol 
the  mean 
value  found 
from  that 
uken  % 

Taken 

Found 

54,50 

54,53 

0,05 

43,60 

43,58 

0,04 

41,32 

41,62 

0,73 

32,70 

32,70 

0,00 

20.68 

20,72 

0,29 

16,35 

16,.30 

0,31 

10,33 

10,68 

3,38 

the  amount  varied  from  *15  to  300  mg.  Tie 
in  the  results. 


Experiments  on  the  amperoiiieuic  titratioo  of  eqi’al  amounts 
(20.08  mg  in  40  ml)  of  bismuth  with  pcuasium  Iodide  in  the  presence 
of  pyramidone,  at  various  acidities  of  the  solution  being  doated,  show* 
ed  that  the  best  results  are  obuined  at  an  acidity  of  2.5  M.  as  during 
titration  with  a  dropping  mercury  electrode.  At  lower  acidities  the 
resulu  are  high,  while  at  higher  acidities  they  are  low. 

It  is  clear  from  Table  3  that  anode  amperometric  titration  of 
bismuth  in  the  presence  of  pyramidone  gives  fairly  accurate  and  re* 
producible  resula  during  determination  of  various  amounts  of  bismuth. 
Solutions  conuining  small  amounts  of  bismuth  are  not  titrated  so  well 
because  of  the  solubility  of  the  precipitate. 

We  did  not  study  the  influence  of  foreign  Ions  on  the  results  of 
titrating  bismuth  in  the  presence  of  pyramidone  in  tire  work  described 
here,  since  it  hss  been  studied  earlier  during  tination  of  bismutii  with 
a  dropping  mercury  electrode  [2].  Those  anions  and  cations  which  do 
not  interfere  during  titration  in  the  presence  of  antipyrine  and  8*hydto* 
xyquinoline,  should  not  interfere  with  titratioo  of  bismuth  with  potas* 
sium  iodide  (in  the  presence  of  pyramidone)  by  the  anode  amperometric 
method. 

Tigation  of  Bismuth  with  Potassium  Iodide  in  the  Presence  of 
0  *Naphthoqulnoline.  On  the  basis  of  the  capacity  of  0-naphthoquln* 
ollne  to  precipitate  bismuth  from  acid  solutions  in  the  presence  of  chlor¬ 
ide,  bromide,  iodide,  and  thiocyanate  ions,  we  drought  it  would  be  in¬ 
teresting  to  investigate  the  possibility  of  using  it  for  determining  bis¬ 
muth  by  anode  amperomegic  tigation  with  potassium  iodide. 

Experimeng  on  the  tigation  of  equal  amouna  of  bismuth  (20.66 
mg)  in  40  ml  of  solution  showed  that  again  in  this  case  the  resula  de¬ 
pend  on  the  acidity  of  the  solution  being  tiaated.  The  best  resula,  l.e. 
those  nearest  the  true  values,  are  obuined  on  tiaating  in  a  supporting 
elecaolyte  cf  3.5  M  sulfuric  acid  (Table  4).  At  lower  acidities  the  re¬ 
sula  are  high,  while  at  higher  acidities  they  are  low.  The  amount  of 
0  -naphthoquinoline  should  not  exceed  the  amount  of  bismutii  in  the 
solution  being  tiaated  by  more  than  30-40  times.  In  our  experimena 
presence  of  large  amouna  of  0  -naphthoquinoline  leads  to  a  slight  increase 


Presumably  those  anions  and  cation' which  do  not  interfere  during  tiaation  in  the  presence  of  antipyrine,  pyraro- 
idone,  and  8-bydroxyquinoline,  should  nntimerfcre  during  tiaation  of  bismuth  by  tiie  given  method  in  the  presence 
of  8 -naphthoquinoline. 


Tiaation  of  Bismuth  with  Poutsiua  lcxiide  in  the  Presence  of  Some  Other  Organic  Bases  (Cinchonine,  Quinine, 
and  Anabaslne).  Finally  we  eiublished.iii  principle,  the  possibility  of  using  cinchonine,  quinine,  and  anabasine  for 
the  amperomcaic  tiaation  of  bismuth  witi  potauium  iodide.  During  tiaation  of  saongly  acid  solutiotu  of  bismutii 
conuining  an  excess  of  any  one  of  tiie  organic  bases  mentioned,  the  limiting  current  is  esublished  fairly  rapidly 
after  addition  of  each  portion  of  reagent,  while  the  tiaation  curves  obtained  are  very  clearly  defined  and  have  an  al 
most  horizonul  left  hand  branch  and  a  sluply  rising  right  hand  branch.  The  precipiutes  of  cinchonine  and  quinine 
iodobismuthites  formed  during  tiaation  an  reminiscent  in  character  and  color  of  the  precipiutes  obtained  in  the  pre¬ 
sence  of  8-hydroxyquinollne,  pyramidonq, antipyrine,  and  0 -naphthoquinoline  (reddish-orange  color).  In  the  presence 
of  anabaslne  the  precipiutes  obuined  an  a  red  Dordesux  color.  There  is  a  fairly  good  linear  relation  between  the 
amount  of  bismuth  uken  and  the  volume  of  poussiurr  r^dlde  used  in  the  tiaation. 

During  tiaation  of  bismuth  in  the^pesence  of  cinchonine  and  quinine,  the  acidity  should  be  about  6  M  with 
respect  to  sulfuric  acid,  while  for  anabaitie  it  should  be  about  3  M.  For  tiaation  in  the  presence  of  8-hydroxyquln- 
oline,  pyramidone,  and  antipyrine  the  optmum  acidity  is  2.5  M,  while  in  the  presence  of  0 -luphthoquiaoline  it  i* 

3.5  M.  150*200  mg  of  the  correspondinghase  Is  used  in  each  tiaation. 


SUMMARY 


The  pouibillty  has  been  esublished  and  conditions  have  been  found  for  the  direct  amperometric  titratioa  of 
bismuth  with  potassium  iodide  in  the  presence  of  antipyrinc;with  a  rotating  platinum  microelectrode.  Nitrates, 
sulfates,  phosphates,  acetates,  tartrates,  and  clnates,  as  well  ad  EDTA-Na,  do  not  interfere  with  the  titratioa  when 
present  in  amounts  which  are  100*200  times  that  of  the  bismuth.  Chloride  ions  do  not  interfere  as  long  u  their  con¬ 
centration  is  not  higher  than  ten  times  that  of  the  bismuth.  Aluminum,  zinc,  magnesium,  cobalt,  nickel  chromium, 
manganese,  and  iron  even  in  amounts  which  are  50-100  times  that  of  bismuth  do  not  interfere.  Small  amounts  of 
lead  (1:1),  nivalent  antimony  (1:1),  arsenic  (1:1),  and  cadmium  (3:1)  do  not  interfere  either. 

The  possibility  has  been  demonstrated  and  conditions  have  been  esublished  for  titrating  bismuth  in  the  presence 
of  pyramidone  or  5 -naphthoquinoline,  and  also  in  the  pceserx:e  of  cinchonine,  quinine,  and  anabasine  by  an  aiKxSe 
amperometric  method. 

The  amperometric  method  of  determining  bismuth  in  the  presence  of  antipyrine  has  been  checked  on  an  alloy 
conuining  bismuth,  cadmium,  and  lead. 
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Quirvquevalent  molybdenum  exists  in  solutions  w  kh  hydrochloric  acid  concentrations  of  less  than  2  M  In  die 
form  of  yellow-brown  ions  [1).  At  pH  values  higher  than  3.0  the  sparingly  soluble  hydroxide  MoO|OH is  famed.  Dtr- 
Ing  the  interactioo  of  MoOj  ions  with  sodium  ethylenediaminetetracetate  (EDTA-Na,  Complexon  111)  a  yellow  colaed 
compound  is  formed.  The  stoichiometric  cofficieno  in  the  equation  of  the  reaction,  as  determined  by^the  Ostromys- 
lenskii-Job  method  [2],  and  by  preparative  [2],  and  titrimenic  methods  [3.4]  have  shown  that  two  Mo0|  ions  interact 
with  one  mole  of  ethylediamlnetetraceute.  The  product  isolated  from  aqueous-ethanol  solutiotu  at  pH  6.0  hat  a 
con^KJtition  which  conespcnds  to  the  formula 

Na,[MoO,{OCK:Ctl,)|NCH,CH,N(CHjCOO),MoOk]H,0 

Aqueous  solutions  of  the  compound  are  stable  over  a  wide  acidity  range:  from  0.5  M  KCl  to  pH  10.0  (3).  The 
formation  consunt  of  the  ethylenediamlneieaaceute  of  quinquevalent  molybdenum  is  unknown.  There  are  no  avail¬ 
able  meullo-indicatas  for  quinquevalent  molybdenum:  accadingly,  the  latter  it  titrated  complexometrically  by  d- 
vating  exceu  EDTA-Na  with  solutions  of  various  salti.uting  appropriate  metallo-lndicatas.  Titration  widi  zinc  sul¬ 
fate  at  pH  10  in  the  presence  of  eriochrome  black  T  is  a  complexomenic  method  with  low  selectivity  [3].  The  selec¬ 
tivity  of  the  nrethod  can  be  increased  by  titrating  with  cupric  sulfate.using  the  indicata  pyridylazonaphthol  at  pH 
4.0  [4].  It  it  well  known  that  die  yield  of  ethylenediaminetetraceutes  of  various  metals  it  determined  by  their  fam- 
atioo  consuna  and  by  the  pH  of  the  solution.  If  quinquevalent  molybdenum  could  be  complexed  with  EDTA-Na,  and 
then  excess  of  the  latter  tinated  widi  a  solution  of  a  salt  of  a  meul  which  fana  a  sufficiently  luble  compound  with 
EDTA-Na,  such  a  titratioa  could  be  carried  out  in  fairly  acid  solutions,  and  this  in  turn  would  ensure  a  method  with 
relatively  high  selectivity  fa  determining  quinquevalent  molybdenum. 

We  have  determined  the  famation  consunt  of  the  ethylenediaminetetraceute  of  quinquevalent  molybdenum 
and  have  developed  a  mae  selective  complexometricmethod  for  the  determination  of  the  latter. 

Requisite  Reagents.  1.  Ammonium  Molybdate,  1.16  x  10~*  M.2.0S  g  of  ammonium  hepumolybdate  was  dis¬ 
solved  in  one  liter  of  distilled  water.  The  concentration  was  esublished  gravimetrically  by  the  8-hydroxyquiooline 
method  [5J.  2.  EDTA-Na.  2.384  x  10**M  solution.  The  molarity  was  esublished  against  a  sundard  solution  of  tho¬ 
rium  nitrate  [6).  3  Hydrazine  Sulfate  —  0.5*55) aqueous  solution.  4.  Zirconyl  Sulfate  1.979  x  10**M  solution.  6.5  g 
of  zirconyl  sulfate  was  dissolved  in  one  liter  of  1  N  sulfuric  acid.  The  concentration  of  the  solution  was  esublished 
by  precipiuting  zirconyl  hydroxide  with  ammonia,  calcining  the  preclpiute,  and  weighing  it  at  ZrOt.5.  Xylenol 
Orange— 0  OS^ aqueous  solutioo. 

Spectrophotometric  Study  of  the  Interaction  of  MoO^  Ions  with  Ethylenedlamlnetetracetlc  Acid.  Hydrazine 
sulfate  in  a  solution  which  is  1  N  with  retp>ect  to  sulfuric  acid  [3,4],  on  boiling  for  3-5  min,  ensures  quantiutive 
reduction  of  sexivaknt  molybdenum  to  the  quinquevalent  sute.  At  room  temperature  the  optical  density  of  the 
yellow-brown  colaed  solutions  obulned  remains  consunt  for  10-15  min,  and  then  gradually  decreases.  On  adding 
EDTA-Na  to  the  yellow-brown  sulfuric  acid  solution  of  the  quinquevalent  molybdenum  compound  heated  to  the 
boil,  the  cola  changes  to  yellow.  When  stoicMomeuic  concentrations  of  the  reacunts  are  used,  the  optical  density 
of  such  solutions,  after  cooling  to  room  temperatme,  increases  with  time  and  reaches  a  constant  value  15  min  after 
the  solutiotu  have  been  prepared. 

The  molar  extinction  coefficient  of  solutions  of  the  compound  of  quinquevalent  molybdenum  with  ethylenedi- 
amineteiracetic  acid(<t)  was  determined  by  the  saturation  method.  This  was  carried  out  as  follows:  to  various  vol¬ 
umes  of  1.16  X  10**M  ammonium  molybdate  solution  was  added  25  ml  of  1  N  sulfuric  acid  and  the  solutions  heated 
to  the  boil;  10  ml  of  hydrazine  sulfate  solution  wu  then  added  to  each  solution  and  the  solutions  again  boiled 
fa  5  min.  Twenty  ml  of  2.38  x  10"*M  EDTA-Na  wu  added  to  each  solution  and  the  latter  again  brought  to  the  bolL 


Table  1.  Molar  Extinction  Coefficient  of  Solution!  of  Quinquevalem  Molybdenum 
Complexonate  at  387  m)i 


Initial  molyb¬ 
denum  concen- 
natlon  (C().  M 

Optical 

density 

(Dj) 

<t 

lUjul 

1  Optical 
density 

(Di) 

‘t 

l,16.10-« 

0,066 

379 

6,96.10-« 

0,370 

354 

0,133 

,382 

8,12.10-« 

0,433 

356 

3,48. 10-« 

0,189 

382 

9,28-10-< 

0,520 

373 

4,64*10-‘ 

0,250 

359 

l,0410-» 

0,550 

351 

5,80* 10-« 

0,313 

360 

l,l6.10-» 

0,620 

356 

The  toludom  obtained  were  cooled  to  20*.  transfened  to  100  ml  standard  flasks,  diluted  with  water  to  (he  mark,  and 
mixed.  The  optical  density  (Di)  of  these  solutions,  like  that  of  all  subsequent  solutions,  was  measured  oo  a  SF-4 
quarta  spectrophotometer  at  387  mp  relative  to  distilled  water.  Oiir  results  confirmed  published  information  [3]  dial 
the  maximum  light  absorption  of  the  compound  of  quinquevalent  molybdenum  with  EDTA-Na  lies  in  this  region; 
quinquevalent  molybdenum  ions  in  sulfuric  acid  solution,  as  in  hydrochloric  acid  solution  [3],exhibit  a  relatively  low 
absorption  (see  Table  2),  while  EDTA*Na  hardly  absorbs  at  alL  C|  was  calculated  by  meant  of  the  e^uatlonwbere 


Dt 


Cj  is  the  initial  molybdenum  concennation,  M/L(  I  isthepath  length,  equal  to  3  cm. 


Table  2.  Formation  Consunt  of  the  Ethylenedlamloetetraceute  of  Quinquevalent  Molyb> 
denum  at  20* 

(initial  molybdenum  concentration  1.16  x  10**  M;  Initial  EDTA-Na  conceotratioa 
7.158  X  10*^  M.  The  ionic  strength  was  varied  between  0.3  and  0.7  by  means  of  dze  reagents) 


Initial 

H,S04 

concen- 

uation, 

M 

Optical  density 

ot  the  solutions 

Equilibrium  concentrations  of  the  reactants 

MoV 

DMooJ 

Mo'^  in 
the  pres¬ 
ence  of 
EDTA^Ni 

t 

A.ia-» 

0,143 

0,054 

0,165 

0,153 

4.I210-* 

3,36.10-4 

4,64-10-* . 

0,79 

0,201 

0.053 

0,162 

0,212 

4,04- 10-« 

3,52.10-4 

1,56.10-* 

2;09 

0,260 

0.052 

0,147 

0,271 

3.5210-4 

4,56.10-4 

7,48.10-* 

2,26 

0,378 

0,055 

0,116 

0.389 

2.26,10-4 

7,08.10-4 

2,57.10-* 

1.75 

0,437 

0,054 

0.107 

0.448 

1,97.10-4 

7,66.10-4 

1,57.10-* 

2.14 

0,496 

0,055 

0,097 

0,507 

1,56. 10-4 

8,48.10-4 

1,0510-# 

2,07 

0,584 

0,056 

0,076 

0,595 

7,42.10-* 

1,01. 10-* 

6,41. 10-»* 

l.i4 

It  follows  from  the  results  given  in  Table  1  that  despite  varying  the  amount  of  exceu  EDTA-Na  from  80  to  S 
times  that  stoichiometrically  necessary,  the  molar  extinction  coefficient  remains  almost  consunt  (within  the  limits 
of  experimenul  error).  Accordingly,  under  the  conditions  indicated,  all  the  quinquevalent  molybdenum  is  found  in 
the  form  of  a  compound  with  ethylenediaminetetr  acetic  acid.  The  mean  value  of  the  molar  extinction  coefficient 
%  I B  363  a  8  at  a  confidence  level  of  0.95  [7]. 

The  complex  formation  consunt  was  determined  as  follows.  Ten  ml  portions  of  1.16  x  10'*M  ammonium 
molybdate  solution  were  inuoduced  into  a  series  of  beakers,  and  the  sexlvalent  molybdenum  reduced  with  hydrazine 
sulfate  as  indicated  above.  Three  ml  portions  of  2.386  x  10’*M  EDTA-Na  solution  was  dien  added  to  each,  L'«  solu 
tlons  were  brought  to  the  boil  and  then  cooled  to  20*.  The  solutions  were  next  transferred  to  100  ml  sundard  flasks 
conuining  varying  amounts  of  sulfuric  acid,  the  volumes  made  up  to  the  mark  witii  water,  and  the  solutions  mixed. 
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la  Older  to  deterfTiine  the  mola;  extinction  coefficients  cf  quinquevalent  molybdenum  in  lulfulc  acid  solutions  under 
the  same  conditions,  experiments  were  carried  out  with  solutions  conuining  all  the  components  apart  from  EDTA-Na. 
Three  soludoru  were  prepared  at  the  same  time  and  the  optical  density  measured  IS  min  after  pouring  die  solutions 
together  in  a  cell  with  a  path  length  of  1  cm.  The  results  are  given  in  Table  2. 

Sulfirric  acid  is  a  strong  acid  in  its  first  dissociation  suge  and  relatively  weak  in  its  second  (K|  ■  1.2  x  10**'). 
Column  4,  Table  2  contains  die  values  of  the  hydrogen  ion  concentration  obtained  by  adding  the  molar  coiKentratloo 
of  sulfuric  acid  and  the  hydrogen  ion  concentration  calculated  on  the  basis  of  the  second  dissociatioa  constant. 

From  the  results  given  in  column  2  (constancy  of  optical  density)  it  follows  that  on  changing  the  sulfuric  coo> 
centiation  from  0.143  to  0.584  M,  tiie  quinquevalent  molybdenum  ions  are  not  subjected  to  any  changes.  As  a  re¬ 
sult  of  calculation,  and  of  a  statistical  aeatment  of  the  results  obtained  [7],  it  was  found  that  the  molar  extlnctioa 

coefficients  of  quinquevalent  molybdenum  ions  at  387  mp  c  -  46.7  a  1.1  at  a  confidence  level  of  0.95. 

MoC^ 

In  accordance  with  published  results  [2-4].  complex  formation  in  the  test  system  proceeds  according  to  the 
Kbeme 


2MoO;  +  (MoO,),  #C  - 


IMoO+JMH^_Y**J 


Let  us  assume  that  the  initial  concentration  of  McO]  ions  is  Mwhilethat  of  EDTA-Na  is  M.  and  the 
equilibrium  concentration  of  the  complex  compound  is 

[(MoO,),  H._Y<— ‘n  =  tM 

Then  the  equilibrium  concentration  of  [MoO^]  will  be  equal  to 

[MooJl-Cj-2^  (2) 

At  387  mp  only  the  complex  compound  and  MoO^  absorb,  accordingly,  the  optical  density  of  the  solution,  meuured 
experimentally  —  (D),  is  equal  to  the  sum  of  the  optical  densities  of  the  MoO^  ions  (D  _♦)  and  of  the  complex  com* 
pound  (Dt) 

MoO^  ' 

Substituting  the  values  of  the  optical  densities  from  the  expression  for  BeerU  law  in  equation  (3)  and  solving 
the  equation  obtained  «dth  respect  to^  we  find: 

^  ~  *MoO,* 


Results  of  calculations  of^by  means  of  equation  (4)  and  of  [MoOj]  by  means  of  equation  (2)  are  given  in  col¬ 
umns  5  and  6  of  Table  2. 

Over  the  hydrogen  ion  concentration  range  which  we  tested.ethylcnediaminetetracetic  acid  (H4Y)  adds  on  an 
additional  two  hydrogen  ions  to  its  amino  groups  [8].  and  is  converted  into  Accordingly,  for  calculating  the 

ecuilibrium  concentrations  of  the  various  forms  of  the  dinociation  of  ethylenediaminetetracetic  acid,  it  is  necessary 
to  uke  into  account  the  following  processes  and  die  equilibriums  conesponding  to  diemi 

HsY*^-  2H^+H4Y  /C,  IH,Y*^I  -  |H^J*  IH«YJ.  (8) 

H4Y-H*+H,Y-  /C|fH4YJ-fH*IlH,Y-|  (6) 

H,Y-  -  H"+H,Y*-  Kt  [H.Y'I  -  [H^]  (H,Y«-|  (7) 

H,Y«-  -  H»+HY»-  A,IH,Y*-J  -  [H^J  [HY*"!  .gC 

HY»-  -  H»-[-Y«-  A,  IHY«-J  -  [H^J  [Vn  J  J 


where  K«  -  1.2410'*  [8],  Kj  «  6.13  •  10  ’•  (8),  K,  -  1.71  •  lO'*  [8J,  K,  »  6.92  *  lO*’,  IC4  -  5.47  •  10-“  (9J. 
In  addition,  taking  into  account  all  the  tranarormationt  cf  H«Y*^  one  can  write 

(C,  -  0  -  IW*]  +  IH4YJ  +  +  (H,Y‘-I  +  |HY»-1  -1-  ( Y*  ). 

By  solving  equations  (5-10)  simultaneouily  with  respect«e.g.,to  (HiTf**],  (Y*T  respectively,  we  obtain: 

IH,Y  I  =  ^  _l_  )(,/(,/(, (H*i*  +  KJ(iKtKt[H*\  +  KtKiKtK9Kt 


(10) 


(11) 


(Ct-i)K.KrKtK,K^ 


=*  (HM*  +  /C,  IH»J«  +  K,Kt  |H*J>  +  K^KiKt  fH^J*  +  K.Ki/C.K,  (H*)  +  K^K^KtK^K^ 


(12) 


/|H,Y*‘]  (HT\ 

A  comparison  of  equations  (11)  and  (12)  shows  clearly  "■  K»KI  )  ’  ***  ***®  hydrogen  ion  concentration  has 

a  decisive  effect  on  the  yield  of  the  different  forms  of  ethyelendiaminetetracetic  acid.  Accordingly,  the  values  of 
the  formation  constant  (MoOt)j  calculated  at  differoit  hydrogen  ion  concentrations,  will  only  be  con¬ 

stant  when  the  equilibrium  concentration  of  die  anion  actually  participating  in  the  reaction  leading  to  the  formation 
of  the  compound  [10]  is  substituted  in  equation  (1).  For  all  the  other  anions  not  reacting  with  MoO|^ions,  the  values 
of  the  constants  will  have  a  systematic  character  which  is  a  function  of  the  hydrogen  ion  concentration.  Calculations 
showed  that  only  the  H|Y*~  anions  which  react  with  MoO^  according  to  die  equation  enter  into  the  reaction. 


2  M«0„  +H.r-  -  (MoOAM.Y.  K  - 


(13) 


Table  3.  Yield  of  MoOjHjT  as  a  func¬ 
tion  of  pH  at  C|  ■  2  X  10~’  and  C|  ■  1  x 
10-*M. 


H)Y*,  HY*',  and  Y*“  anions  do  not  participate  in  the  reaction.  Thus 
the  values  of  the  formation  consunt  of  the  compound  (MoO|)iY**  vary 
from  5.2  x  10»  to  1.1  X  10  ”  on  changing  the  hydrogen  ion  concen* 
tration  from  0.155  to  0.596  M.  Results  of  calculations  of  the  concen* 
nation  of  H,Y*'  by  means  of  equation  (11)  are  given  in  column  7, 
Table  2.  Values  of  the  formation  consunt  calculated  by  means  of 
equation  (13)  are  given  in  column  8.  The  consuncy  of  the  values  of 
the  consunt  serves  as  proof  of  the  fact  that  the  stoichiometric  coef- 
ficiena  in  die  equation  of  the  reaction,  the  composition  of  the  ions 
from  which  the  compound  (MoOj)  sHtY  is  formed,  and  also  the  molar 
extinction  coefficients  of  the  MoQ^  ion  and  the  compound  (MoO|) 
jMsY  [10]  have  all  been  determined  correctly.  The  mean  value  of  the 
formation  consunt  of  (MoPj)jH|Y  Is  equal  to  K  ■  (1.75  i  0.52)  x  10“ 
at  a  confidence  level  of  0.95. 

We  calculated  die  yield  of  (MoPi)tHYs  (Table  9)  from  the  values  of  the  complex  iormaticn  constant  by  means 
of  equations  (11)  and  (13). 


pH 

Yield  of 

% 

pH 

Yield  of 

(ma)i)%y. 

% 

0,31 

10,0 

4.5 

08.9 

i,no 

87,0 

5.0 

08.9 

2.0 

97,2 

8.0 

95.4 

10,0 

1 

77.2 

From  the  results  given  in  Table  3,  and  also  uking  into  account  the  fact  that  equilibrium  is  esublished  slowly 
in  the  system,  it  can  be  concluded  that  direct  comp lexometric  titration  of  quinquevaknt  molybdenum  at  20*  and 
with  an  accuracy  of  down  to  O.l'Jt  is  impossible.  Nevertheless,  by  adding  a  sufficient  excess  of  EDTA-Na,  molybdenum 
can  be  quantiudvely  complexed  os  a  complex  compound  which  is  suiuble  for  spectiophotomeaic  determination  [11]. 

Complexometrlc  Determination  of  Quinquevalent  Molybdenum  By  Titration  of  Excess  EDTA-Na  with  Standard 
Zirconium  Sulfate  Solution.  In  accordance  with  the  investigations  outlined  above,  and  on  the  basis  of  published  dau 
[3,4],  molybdenum  can  be  determined  complexome  vie  ally,  in  solutions  heated  to  70-100*,  and  then  only  by  tivating 
exceu  EDTA-Na  with  a  suiuble  indicator.  We  decided  to  tlvate  exceu  EDTA-Na  with  zirconium  sulfate  solution, 
using  xylenol  orange  as  Indicator  [6]. 


Table  4.  Results  of  a  Statiitical  Treatment  of  Experimental  Data  on  the  Detetminatioa 
of  Molybdenum  in  Solutions  of  its  Salts  and  in  the  Pretence  of  Impuridea 


Added,  mg 

No.  of  mo¬ 
lybdenum 
determina¬ 
tions,  n 

Molybdenum 
found  (mean  of 
n  determinar 
tions),mg 

Mean  square  enor 

Molybdenum 

Impurity 

mg 

(relative) 

1,98 

11 

1,99 

±8,4. 10* 

±3.2 

0.91 

— 

11 

9,98 

±6,1.10* 

±0.6 

19,82 

— 

11 

19,97 

±5,910* 

±0.29 

1.13 

loo-uo;^ 

11 

1,99 

.  ±8,010-* 

±4.02 

9,91 

lOO-UOj* 

11 

9.93 

±5.910-* 

±0.59 

11,13 

10_Th»» 

11 

11,13 

±5,910* 

±0.53 

11,13 

25-AI*^ 

11 

11,18 

±5,2. 10-* 

±0,48. 

11,13 

1000— NaNOi 

8 

11,18 

±8,5. ixr* 

±0.76 

Preliminary  experiments  showed  that  the  most  clearly  defined  Indicator  color  change  from  yellow  to  ted  it  observed  oo 
titrating  EDTA-Na  solution  prepared  in  a  solution  of  0.25  N  sulfuric  acid  and  4  x  10~’m  sodium  sulfate,  and  heated 
to  the  boil  beforehand,  with  a  solution  of  zirconium  sulfate  Q  N  with  respect  to  sulfuric  acid).  As  a  result  of  titrating 
10  ml  of  1.85  xlO‘*M  EDTA-Na  solution  with  1.979  x  10‘*  M  zirconium  sulfate  solution,  under  the  conditions  Indi¬ 
cated  above  the  following  values  for  the  normality  of  the  EDTA-Na  were  obtained: 


l.SSn.lO-*  1,87610-*  1.88010-*  1,874-10-* 

1,&S2  10-*  1,830.10-*  1,880  10  *  1,884  10-* 

1.880  10-*  1,884.10  *  1.880.10-* 

The  mean  square  enor  of  a  single  determination  [7]  Is  i  3  x  10~*M  or  a  0.17<]b  (relative).  Accordingly,  tfila 
method  was  used  for  the  determination  of  the  concentration  of  EDTA-Na  in  pure  solutions,  and  also,  as  will  be  shown 
below,  in  the  presence  of  most  metal  Ions  apart  from  trivalent  iron,  bismuth,  and  MoO^ ,  which  form  complex  com- 
pounds  with  EDTA-Na  in  acid  solutions.  It  was  established  that  the  titration  conditions  indicated  can  be  used  for  de¬ 
termining  molybdenum,  by  complexing  it  beforehand  with  exceu  EDTA-Na  into  the  compound  (MoO{)sH|Y,  and 
titrating  excess  of  the  EDTA-Na  with  zirconium  sulfate.  In  order  to  check  the  method  of  determining  molybdenum 
in  solutions  of  itr  salts  and  in  the  presence  of  impurities,  the  amounts  of  molybdenum  indicated  In  Table  4,  in  the 
form  of  an  aqueous  ammonium  molybdate  solution,  were  introduced  into  a  series  of  250  ml  conical  flasks;  varioua 
amounts  of  the  impurites  were  then  added,  followed  by  25  ml  of  1  N  sulfuric  acid.  In  experiments  with  NaNoj  4-5  g 
of  urea  was  added  in  addition,  in  order  to  prevent  oxidation  of  the  quinquevalent  molybdenum. 


Table  5.  Results  of  a  Sutistical  Treatment  of  Experimental  Dau  on  the  Determination  of  Molybdenum 
in  Alloys  with  Uranium 


Molybdenum  content 
of  the  alloy,  ^ 

No.  of  deter- 

mlnahona 

Molybdenum  found 

% 

Mean  square  error 

^  (absolute) 

%  (relative) 

3.60 

12 

3.61 

a6.610-a 

a  1.8 

4.50 

11 

4.47 

a4.2l0-t 

a  0.9 

8.96 

8 

8.96 

*7.9l0-f 

a  0.9 

The  solutions  obuined  were  heated  to  the  boil,  and  15  ml  of  a  0.5^  solution  of  hydrazine  sulfate  prepared  In 
1  N  sulfuric  acid  added.  During  the  boiling  stage,  u  a  result  of  reduction  of  molybdenum,  the  solutions  acquired  A 
brownish-yellow  color.  Three  grains  of  sodium  sulfate  wu  next  added  to  each  solution,  and  the  latter  boiled  for  another 
2-3  min.  Standard  EDTA-Na  solution  2.384  x  10**M  was  added  to  the  hot  solutions,  the  amount  added  being  sufr 
ficient  to  complex  the  quinquevalent  molybdenum  stoichiometrically  into  the  compound  (MoO|)tH|Y,  plus  an  add¬ 
itional  5^  ml  in  exceu;  at  this  suge  the  color  of  the  solution  changed  to  a  definite  yellow.  Hot  distilled  water  wai 
added  Immediately  in  such  an  amount  as  to  give  a  final  solution  with  a  concentration  of  0.25  N  with  respect  to  sul- 
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tuilc  acid  (the  volumes  of  all  the  reagents  uken  for  analysis  being  taken  Into  account),  die  solution  was  again  heated 
to  the  boll  and  1  ml  of  xylenol  orange  solution  added  [6],  Excess  EDTA*Na  was  titrated  with  the  xlrconium  suUasa 
solution  in  sulfuric  acid,  with  consunt  stirring  until  the  yellow  color  changed  to  a  distinct  red  which  did  not  change 
for  30  sec.  In  the  presence  of  Al*^  Ions,  after  addition  of  the  xylenol  orange,  a  red  color  appeared,  but  during  ti¬ 
tration  this  color  disappeared  and  did  not  interfere  with  the  determination  of  the  titration  end  point.  Results  of  these 
determinations  are  given  in  Table  4. 

The  results  given  in  Table  4  allow  one  to  conclude  that  meul  ions  which  form  compounds  having  pice  16  with 
EDTA-Na  (Al*  ♦,  Mg*  ♦,  Zn*  ♦,  Cd*  ♦,  Mn*  ♦  Co*  ♦,  Pb*  ♦,  La*  ♦  ~  Nd*  ♦)  should  not  Interfere  with  molybdenum 
determination  when  they  are  present  in  the  solution  to  be  tiaated  in  amounts  of  about  one  millimole. 

The  method  has  been  checked  on  alloys  of  uranium  with  molybdenum.  A  0.5-1. 0  g  aliquot  of  alloy  was  dis¬ 
solved  in  3  ml  of  concentrated  sulfuric  acid  and  10  ml  of  nitric  acid.  After  cessation  of  the  turbulent  reaction  the 
solution  was  evaporated  to  the  appearaiKe  of  thick  SOg  fumes;  it  was  then  cooled,  and  diluted  with  water.  The  sol¬ 
ution  was  transfened  to  a  100  ml  standard  flask  and  made  up  to  the  mark  with  distilled  water.  An  aliquot  of  this  sol¬ 
ution  containing  2-20  mg  of  molybdenum  was  transferred  to  a  250  ml  conical  flask  and  4  g  of  urea  added;  ^  solu¬ 
tion  was  next  heated  to  the  boil  and  IS  ml  of  hydrazine  sulfate  added;  the  solution  was  boiled  again  for  a  further 
2-3  minutes  and  the  procedure  outlined  above  then  followed,  i.e.  EDTA-Na  was  added  and  excess  of  it  titrated  with 
zirconium  sulfate.  Results  of  these  determinations  are  given  in  Table  5. 

Specially  conducted  experiments  showed  that  trivalent  iron,  zirconium,  hafnium,  pho^hates,  flurides,  oxalates, 
citrates,  and  tartrates  interfere  with  determination  of  molybdenum  by  the  given  method. 

The  method  suggested  permits  determination  of  the  molybdenum  content  of  the  solution  obtained  after  decom¬ 
position  of  test  material  to  be  carried  out  in  20  milt. 

SUMMARY 

The  molar  extinction  coefficient  of  solutions  of  the  compound  of  quinquevalent  molybdenum  with  ethyknedi- 
amineteaacetic  acid  (Mo02)2f^Y  i  8  at  387 mp.  whik  the  compkx  formation  constant  is  1.75  a  0.52  x  10** 

at  a  confidence  kvel  of  0.95. 

A  variant  which  has  been  developed  for  the  compkxometric  determination  of  quinquevalent  molybdenum  is 
bated  on  compkxing  the  molybdenum  with  EDTA-Na,  and  titrating  excess  of  the  latter  with  zirconium  sulfate  toln- 
tion.using  xylenol  orange  at  indicator. 
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Arsenazo  1  (benzene-2-arsoaic  acid-<l'azo-^  -l«8-dihydroxy-naphihaleos-3,6-disulfonic  acid)  forms  with 
the  uranyl  ion  at  pH  4-8  a  blue  colored  complex  which  is  readily  destroyed  by  hydrogen  peroxide  [1].  Many  elements 
react  with  arsenazo  under  these  conditions,  and  accordingly,  in  order  to  determine  uranium  in  ores,  it  must  be  iso¬ 
lated  in  a  pure  state, free  from  impurities  [2], 


Table  1.  Determination  of  Uranium  in 
ores  after  Its  Separation  by  Partition 
Chromatography 


Uranium  content.  | 

Found 
by  the 
sug. 
method 

No.  of 

determinations 

Specified  valu^ 
1 

0.083-M).001 

0.063-1^.001 

10 

0,237^0,006 

0,240-^0,(01 

10 

0.5604-0.011 

0,570^-0,002 

10 

0.0594-0.004 

0,0614-0,001 

10 

0,070^0,001 

0,069^:0,001 

10 

Table  2.  Determination  of  Uranium  in 
Processed  Products  from  Uranium  Ores 


In  the  present  article  a  description  is  given  of  a  pbotomeuic  de¬ 
termination  of  uranium  with  arsenazo  I.  after  a  preliminary  separation 
of  uranium  from  the  impurities  by  a  partition  chromatographic  mediod 
and  by  ion  exchange  on  SG-1  carboxyl  resin. 

Burstail  and  Welb  [3]  were  the  tint  to  describe  a  partition  chro¬ 
matographic  method  for  purifying  uranium  [3].  We  used  a  variant  of 
this  method  suggested  by  Markov  (4).  In  this  variant  the  carrier  is  chem  - 
ically  pure  silica  gel,  while  the  stationary  phase  is  a  saturated  solution 
of  ammonium  ninate  acidified  with  nitric  acid  to  an  acidity  of  0.5  N 
with  respect  to  ninic  acid,  and  the  mobile  phase  is  ethyl  ether  also 
acidified  with  nitric  acid  to  a  value  of  0.5  N. 

Using  a  6-7  cm  column  of  the  purifying  layer  (silica  gel  soaked  with 
the  stationary  phase)  and  an  ether  throughput  of  1-2  ml /min,  only 
40-45  ml  of  ether  is  required  for  separating  tiie  uranium  completely 
from  impurities,  in  conaast  to  the  150-200  ml  recommended  in  Burstail 
and  Wells'  mediod.  In  the  absence  of  interfering  anions  (F  ,  Cl  ,  S(^', 
and  other  ions  which  complex  uranium  into  a  complex  which  is  insolu¬ 
ble  in  ether)  only  vanadium,  in  the  form  of  its  red  colored  peroxide 
compound,  moves  with  die  uranium  at  an  appreciable  velocity  along  the 
column.  The  rate  at  which  vanadium  moves  along  the  column  is.  how¬ 
ever,  low  compared  with  that  of  uranium,  and  does  not  interfere  with 
determination  of  the  latter.  At  high  vanadium  contents  of  samples 
Markov  recommends  ia  reduction  with  hydrazine  nitrate.  Chemically 
pure  silica  gel««  with  a  particle  size  of  O.S  mm  was  calcined  at  450* 
for  one  hour  before  use.  A  saturated  solution  of  ammonium  ninate  which 
was  0.5  N  with  respect  to  nitric  acid  (solution  I)  was  prepared  by  adding 
50  ml  of  corKentrated  nitric  acid  per  liter  of  a  sativated  ammonium  nitrate  solution.  The  solution  obtained  was  ti¬ 
trated  with  alkali  and  its  acidity  adjusted  to  0.5  N  either  by  addition  of  acid  or  a  saturated  solution  of  ammonium 
nitrate.  To  prepare  a  similar  solution  (solution  II),  with  an  acidity  of  1.15  N  widi  respect  to  nitric  acid,  115  ml  of 
concentrated  nitric  acid  was  added  per  liter  of  saturated  ammonium  ninate  solution.  Diethyl  ether.  0.5  N  with 
respect  to  ninic  acid,  wu  prepared  by  shaking  equal  volumes  of  ether  and  solution  n  in  a  separating  funnel  for 
2-3  min. 

•Foe  communication  2,  see  Zh.  analit  khimii  16,  60  (1961). 

••  The  silica  gel  was  prepared  according  to  MviTov  and  Volkova's  method  (4). 


Uranium  content 

Uranium  content  ^ 

By  the 

suggested 

method 

other 

meth. 

By  the 

suggested 

method 

Ul 

imeth. 

0,019 

0,013 

0,013 

0,012 

0,019 

0,014 

0.015 

0,012 

0,012 

0,013 

0,013 

0,012 

0,013 

0,012 

0,015 

0,010 
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Uranium  was  determined  in  orei  as  follovo.  An  aliquot  of  sample  conuintng  fO^lOO  |ig  of  urarJum  wm  de* 
composed  with  nitric  acid. 

When  other  methods  are  used  for  decomposing  test  material,  anions  which  inastere  with  extraction  of  orairium 
mutt  be  removed. 


Anions  of  volatile  acids  were  removed  by  evaporating  the  sample  foie  to  flve  tmes  %rith  nitric  acid;  It  waa 
freed  from  other  anions  by  precipiuting  the  hydroxides  and  subsequently  diuolving  tiese  in  nitric  acid. 

After  the  sample  had  been  decomposed  and  the  insoluble  residue  had  been  renin*ed,  the  solution  was  evsfKV-* 
ated  to  the  damp  salt  state.  0.5  ml  of  solution  I  was  added,  followed  by  1>2  ml  of  silca  gel,  which,  after  mixiiy 
with  the  solution  should  retain  its  friable  character.  Otherwise,  a  little  more  of  it  shmld  be  added. 


Uranium  was  separated  from  impurities  in  the  chromatographic  column.  Twoniof  solution  I  and  6>7  ml  of 
silica  gel  were  first  introduced  into  the  column.  Next  the  reducing  layer  of  1-1.5  silica  gel  sanaated  with 
hydrazine  nitrate  was  inserted,  followed  by  the  partitioning  layer-silica  gel  saturaed  with  the  lest  solution. 

Ether  was  passed  through  a  column  prepared  in  this  way  at  the  rate  of  1-2  ml/min.  rise  ethereal  solution  of  uranyl 
nitrate  issuing  from  the  column  was  collected  in  a  beaker  conuining  10-15  ml  of  wacr.  Completeness  of  elution 
of  uranium  wu  controlled  by  a  lumineKcnce  method.  The  ether  was  removed  by  caeful  evaporation  on  a  water 
bath  and  the  uranium  in  solution  determined  photometrically  with  arsenazo  I  [5].  Fa  this  purpose  the  solution  was 
transferred  to  a  50  ml  sundard  flask,  in  which  it  was  treutralized  with  ammonia,usin{  methyl  red  as  indicator;  two 
drops  of  HCl  (1:1),  1  ml  of  25<>  urotropine  solution,  and  2  ml  of  0.1<^  arsenazo  I  solitton  were  added,  and  the  vol¬ 
ume  made  up  to  the  mark  with  water.  After  10-15  min  the  optical  density  of  the  sohiloo  was  measured  on  a  F&C-M 
photocolorimeter  fitted  with  red  filter  and  using  a  2  cm  cell. 

The  reference  solution  used  was  one  cenuining  all  the  reagents  apart  from  uraiium.  Ten  drops  of  30<)k  HyOg 
was  added  to  the  cells  containing  the  test  and  reference  solutions,  the  solutions  were  .ttrred  and  die  optical  density 
measured  again.  The  uranium  content  was  determined  from  a  calibration  curve  consmetedina  similar  way  using 
solutions  with  20.  40,  60.  80.  and  lOOpg  uranium  in  50  ml  of  solution. 

Results  for  the  determination  of  uranium  in  a  series  of  ore  sundards  and  procesed  products  from  uranium  oca 
are  shown  in  Table  1  and  2. 


The  comparatively  high  sensitivity  of  the  method  permits  it  to  be  used  for  dccrmining  small  amounts  of 
uranium  (0.001-0.1<^)  with  sufficient  accuracy  in  ores,  in  those  cases  where  other  muhods  do  not  give  reliable  re¬ 
sults.  Nevertheleu,  because  of  the  necessity  of  using  ether,  and  the  need  for  specialV  prepared  silica  gel,  the  ikA- 
od  hat  limited  possibilities  for  its  wide  application  in  plant  laboratories  and  for  contnl  purposea. 

We  have  tried  to  overcome  the  disadvantages  of  the  method  described  above  fa  purifying  uranium  by  using 
ion  exchange  on  the  carboxyl  ion  exchange  resin  SG-1  for  this  purpose. 

Comparatively  little  work  has  been  devoted  to  the  study  of  the  behavior  of  uraiium  on  ca*  jn  exchange  realm, 
and  its  use  for  analytical  purposes.  Ishimori  and  Okuno  [6]  have  described  the  behaviv  of  uranium  on  the  stror^y 
acid  cation  exchange  resin  Dowex  SO.  Kennedy  and  Davies  [7]  used  d  phosphoric  resn  for  separating  uranium  front 
heavy  meul;  Fodoc  [8]  used  the  cation  exchange  resin  Amberlite  URC-50  for  sepaiatng  uranium  from  Impurities, 
using  sodium  ethylenediaminetetraceute  (EDTA-Na).  A  similar  mediod  has  been  doexibed  by  Ryabchikov.  Pakl, 
and  Mikhailova  [9]  in  which  the  cation  exchange  resin  KU-2  was  used.  The  principk  of  die  method  consists  in  cons- 
plexing  elements  which  interfere  with  the  quantitative  determination  of  uranium  by  neans  of  EDTA-Na,  followed 
by  selective  sorption  of  the  uranium  with  a  cation  exchange  resin.  Our  work  coruised  in  esuLlishing  the  cooditiom 
for  selective  sorption  of  uranium  by  the  carboxyl  resin  SG-1  from  solutions  containing  EDTA-Na. 


7-8  ml  of  resin  SG-1  (particle  size  0.4-0.6  mm)  in  the  swollen  sute  was  i-trndiced  into  a  chromatographk^ 
column  with  a  diameter  of  10  mm  and  was  treated  with  10<^  HCl  until  the  eluate  gavi  a  negative  reaction  for  (e  , 
and  was  finally  washed  with  distilled  water  until  the  eluate  gave  a  negative  reaction fta  Cl*.  A  column  prepared  tas 
this  way  was  kept  under  distilled  water. 


A  sundard  solution  of  uranyl  ninate  with  a  concennation  of  1  mg/ml  and  a  aqueous  solution  of  EDTA-Na 
were  used  in  our  work.  10^  HCl  was  used  for  eluting  the  uranium  from  the  column. 


The  method  of  Investigation  consisted  of  the  following.  A  solution  of  a  definia  pH  value  conuining  tvanlain, 
a  foreign  element,  and  the  requisite  amount  of  EDTA-Na  was  passed  through  the  resit  column  at  a  rate  of  about 
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1  ml/min.  The  column  wu  then  vuhed  with  lOO'lSO  ml  wf  dtidlled  water  and  the  uranium  eluted  from  the  column 
by  passing  50>75  ml  of  HCl.  and  then  dlsdlled  water  until  the  toul  volume  of  eluate  was  100  ml  (the  eluate  waa 
coUected  in  a  100  ml  standard  flask).  The  uranium  content  of  the  eluate  was  determined  as  described  above. 

Experiments  on  the  sorption  of  uranium  from  solutions  with  varying  pH 
values,  in  the  pretence  of  EDTA-Na,  showed  that  sorption  of  10  mg  of  uranium 
is  quindutive  only  at  plie  3. 

Tne  pH  limit  at  which  the  column  operates  can  be  lowered  to  1.5  when 
the  uranium  is  sorbed  on  the  resin  in  the  NH4-form.  The  resin  wu  converted 
to  its  NH4-  form  by  washing  it  with  200  ml  of  O.l-O.S^amraoniura  nitrate.  This 
same  solution  can  be  conveniently  used  for  washing  the  column  after  sorptioa. 
The  resin  does  not  swell  under  these  conditions,  as  occurs  when  the  column  is 
washed  with  waer. 

The  effect  of  a  series  of  loru:  POj  ,  SOj",  MoO(  ,  VOj-,  F-,  Fe^,  Al, 

Ti,  C a  on  the  sorption  of  uranium  was  studied. 

MoO^~  and  WC^  do  not  interfere  with  uranium  sorption.  When  vanadium 
is  present,  sorption  of  10  mg  uranium  is  quantitative  only  when  the  pH  is 
3.S-4.5  and  in  the  presence  of  a  sufficient  exceu  of  EDTA-Na  (not  less  than 
100  mg  per  1  mg  uranium).  The  effect  of  other  elements  was  only  studied  over 
the  pH  range  3.S-4.5. 

Completeness  of  uranium  sorption  from  solutions  containing  PO^  ions  abo  depends  on  the  EDTA-Na  concen- 
tradoa  of  the  solution  (see  diagram). 

Table  3.  Determination  of  Uraitiura  in  Ores  after  Its  Sorption  on  SG-1  Cation  Exchange 
Resin 


The  relation  between  sorption  of 
Itanium  from  solutioiu  contain¬ 
ing  PO4  .  and  the  amount  of 
EDTA-Na.  S  mg  of  uranium  and 
10  mg  of  phosphorus  (molar  ratio 
1:17)  were  taken  for  each  de¬ 
termination. 


Uranium  content,  ^  | 

By  the  1 
specified  I 
method  I 

Uranium  content.  ^ 

By  the 
specified 
method 

No.  of 

determinations 

Specified 

content 

No.  of 

determinatiotu 

Specified 

content 

0.070i;0.00l 

0.069±0,001 

18 

0,083+0,001 

0.081+0,006 

8 

0,103±0,ai2 

0.102+0,001 

15 

0.069+0,004 

0,069+0,001 

15 

0.560±0,01i 

0.557+0,004 

11 

0,220  +  0.01 

0,214+0,002 

6 

Since  we  did  not  have  to  deal  with  samples  containing  much  phosphorus,  its  effect  at  molar  ratios  to  uranium 
greater  than  17:1  was  not  examined. 

SO(*  ions  start  to  interfere  at  a  molar  ratio  of  UC^^:  S(^  =  1:200,  while  P~  starts  to  interfere  at  a  molar  ratio 
of  1:10,  even  when  an  appreciable  exceu  of  EDTA-Na  is  present.  Interference  from  elements  of  the  second  group 
on  the  sorption  of  uranium  and  on  its  subsequent  determination  with  artenazo  1  was  not  observed. 

Uranium  was  determined  in  ores  as  follows.  A  0.5  g  aliquot  of  sample  (for  uranium  contents  of  0.01-0.1^) 
was  decomposed  with  hydrochloric  acid  and  hydrogen  peroxide.  After  removal  of  the  insoluble  residue,  15-20  ml 
of  5^  EDTA-Na  solution  was  added  and  the  solution  alkal'nified  with  ammonia  until  the  color  of  die  solution  changed 
(pH  7).  When  the  solution  was  turbid  at  this  suge  it  was  acidified  again,  and  some  additional  ml  of  EDTA-Na  solu¬ 
tion  added;  it  was  finally  alkalinified  to  a  pH  of  3.S-4.S  using  an  external  universal  indicator;  this  solution  waa 
passed  throuhg  a  column  of  SG-1  resin  in  the  Nl^form  at  the  rate  of  1  ml/min.  The  column  was  next  washed  with 
200  ml  of  0.1-0.5^ammoniumniaate  solution  at  the  rate  of  2-3  ml/min  and  the  uranium  eluted  with  75  ml  of  HCl 
(10^  by  volume),  the  eluate  being  collected  in  a  100  ml  standard  flask.  The  volume  of  the  solution  was  made  up 
to  the  mark  with  distilled  water  which  had  been  passed  through  the  ume  column,  and  the  uranium  content  deter¬ 
mined  by  means  of  arsenaso  L 

The  column  was  restored  to  its  working  state  by  pasting  ammonium  nitrate  solution  through  it  until  the  pH 
of  the  solution  issuing  from  the  column  was  3.5-4.5.  The  method  is  simple  to  carry  out  and  allows  10-15  samples 
to  be  dealt  with  simultaneously.  Table  3  conuins  results  for  the  determination  of  uranium  in  a  series  of  ore  standards. 


454 


SUMMARY 

A  photometric  method  h&a  been  developed  for  the  determination  of  uranium  in  orei,aDdin  processed  products 
from  these  ores  by  means  of  arsenzao  I.  Uranium  Is  removed  beforehand  from  impurities  either  by  a  partitioo 
chromatographic  method,  or  by  ion  exchange  on  the  cation  exchange  resin  SG*1  in  the  presence  of  EDTA-Na. 
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PHOTOMETRIC  DETERMINATION  OF  SMALL  AMOUNTS  OF  COBALT 
AS  COBALT  (III)  DIETHYLDITHIOCARBAMATB 

K.  P.  Stolyarov 

A.  A.  Zhdanov  Leningrad  Sute  Unlveraity 

Translated  from  Zhurnal  Analiticheikoi  Khimii.  VoL  16,  No.  4, 

pp  452-457,  July-August,  1961 

Origirul  article  submitted  November  22, 1960 

There  are  numerous  and  diverse  methods  in  existence  for  the  photometric  determination  of  small  amounts  of 
cobalt.  The  ones  most  widely  used  are  those  based  on  formadoa  of  innnercomplex  (and  salt  form)  compounds  with 
organic  reagents.  Most  of  them,  however,  do  not  solve  the  problem  of  determining  cobalt  in  the  presence  of  nickel, 
which  hu  similar  chemical  properties.  Innoduction  of  additional  operations  for  removing  nickel  complicate  the 
methods  appreciably  and  render  them  umuitable. 

We  have  tried  to  develop  a  rapid,  accurate,  and  sensitive  method  for  the  determination  of  small  amounts  of 
cobalt  in  the  presence  of  large  amounts  of  nickel,  copper,  manganese,  zinc,  and  other  elements.  The  mediod  la 
based  on  the  results  of  a  study  of  the  chemical  interaction  of  sodium  diethyldithiocarbamate  with  the  ions  of  various 
tneuls  and  the  behavior  of  the  interaction  producu  toward  organic  solvents,  in  particular,  to  carbon  tetrachloride. 

It  is  known  (1*5)  that  the  solubility  of  metal  diethyl* 
dithiocarbamates  in  organic  solvents  is  strongly  dependent 
on  the  pH  of  the  aqueous  solution.  By  selecting  the  pH  of 
the  solution  and  using  varioiu  masking  agents  it  is  possible 
to  extract  various  diethyldithiocarbamates  selectively. 

Bode  [3.4]  as  a  result  of  a  systematic  study  of  the  exaact* 
ability  of  diediyldithiocarbamates  by  various  organic  sol* 
vents  in  the  presence  of  masking  agents,  and  in  their  ab* 
sence,  established  that  the  diethyldithiocarbamates  of  Ag, 
Bi,Co,  Cd,  Cu,  Hg,  Ni,  Pb,  Pd  and  T1  are  extracted  at  pH*s 
greater  than  11,  while  of  these  elements  Ag,  Bi,  Hg,  Pd,  and 
T1  do  not  interact  with  sodium  ethylenediamlnetetracetate 
(EDTA-Na).  Ni  and  Mn  form  the  most  stable  complexes 
with  EDTA-Na,  so  tliat  they  cannot  be  extracted  from  solu¬ 
tion  in  the  presence  of  this  masking  agent,  whatever  the  pH, 
while  Co,  Fe,  and  Zn  are  extracted  ^t  pH<  6. 

On  shaking  a  solution  of  Co^  with  diethyldithiocar  * 
bamate  and  CCI4  in  air,  the  Co^^  diethyldithiocarbamate 
which  is  always  formed  is  quantitatively  extracted  from  so* 
lutloQ  at  pH  4*11.  The  scludon  of  Co^*  diethyldithiocarbamate  in  CCI4  hat  two  absorption  maxima  at  323  and 
367  mp,  which  can  be  used  for  the  quantitative  determination  of  cobalt. 

The  selectivity  of  diethyldithiocarbamate  methods  can  be  enhanced  by  replacing  one  of  the  carbamates  by 
others  as  a  function  of  their  tubility.  Thus  divalent  mercury  almost  quantitatively  replaces  many  elements  (with 
the  exception  of  nickel)  from  their  diethyldithiocarbamates,  while  cobalt  is  not  replaced[6]. 

In  order  to  establish  the  possibility  of  determining  cobalt  photometrically  as  its  diethyldithiocarbamate  In 
CCli*  a  preliminary  series  of  experiments  was  carried  out  which  showed  that  Co^*^  diethyldithiocarbamate  passes 

•All  measurements  were  made  on  a  FEK-N-54  photocolorimeter  fitted  with  fllters,Xfj|g,i  *  365  mp.  In  1  cm  cells. 
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almott  completely  into  tfie  organic  phase  after  shaking  for  two  minutes  widi  CCI4,  *1^  its  soludoa  is  stable  for 
3  hr.  During  extraction  in  a  separating  funnel  20  ml  of  buffer  mixture  with  pH  10.17  •  ,  0.5  ml  of  cobalt  salt  sohitioa 
Pg)t  ^  tnl  of  0.5^  sodium  diethyldithiocarbamate  were  mixed  and  shaken  with  20  Ml  CCI4.  Since  extracdoa 
of  nKtal  dlethyldithiocarbamates  is  strongly  dependent  on  pH,  experiments  were  carried  out  to  esublish  the  optimum 
pH  range  for  extracdon  of  cobalt  diethyldithiocarbamate.  For  this  purpose  the  optical  density  of  exttacts  with  varying 
pH  (4,  10.  !!)••  and  increasing  cobalt  contents  were  determined.  At  the  diagram  shows,  maximum  extraction  is  ob¬ 
served  at  pH  4-10;  over  this  range  the  extent  of  extraction  it  almost  the  tame.  The  fact  that  the  curve  is  linear  in¬ 
dicates  that  solutions  of  Co*^  diethyldithiocarbamate  in  CCI4  conform  to  Beer's  law  throughout  the  whole  cohalt  con¬ 
centration  range  studied  (0  -  150  pg  in  25  ml).  The  sensitivity  it  0.2  pg  cobalt  in  one  mL 

Table  1 


Ion 

Me  «  DDTC 
-  Na 

Me  ♦  DDTC-Na 
♦ EDTA-Na 

Ion 

Me  4  DDTC 
-  Na 

Me  4  DDTC-Na 

4  EDTA-Na 

rH  4 

l>H  10 

pH  4 

pH  10  1 

pH  4 

pH  10 

pH  4 

pH  IS 

Co»+ 

*♦* 

4* 

4- 

Cr»«^ 

Wkly. 

_ 

Ni*+ 

4* 

Weakly 

— 

A\»* 

— 

— 

— 

— 

Mn»+ 

+ 

4- 

» 

— 

AsV 

— 

— 

— 

— 

Fe*-f 

+ 

4- 

4- 

— 

Ca** 

— 

— 

— 

— 

Zn*+ 

4- 

4- 

4- 

— 

Mg«» 

— 

— 

— 

— 

Hg«+ 

+ 

4- 

4- 

4- 

Tiiv 

— 

— 

— 

— 

Cu«-f 

+ 

4- 

4- 

4- 

VV 

4- 

— 

— 

— 

Bl»4- 

+ 

4* 

+ 

4- 

Table  2 


Co  inao. 
pg/25  ml 

HgU 

intro.,  ml 

^wnd 

pg/2SmJ 

Enor 

50 

0,5 

51,0 

4^1 »® 

50 

1.0 

49.5 

—0.5 

50 

1.5 

52,7 

4-2.7 

50 

2.0 

49.0 

—1.0 

Table  3 


To  confirm  our  conclusion  on  the  completeness  of  extraction  of 
cobalt  over  the  pH  range  4  to  10.  we  used  the  radioactive  isotope  of 
cobalt  Co^  with  a  half-life  period  of  5.24  years.  The  radioactivity  of 
the  Co**  solution  was  measured  on  a  type  B  apparatus  with  a  y  -counter. 
Proper  functioning  of  the  apparatu*  use  was  checked  on  a  sundard 

uranium  sample.  Measurements  were  n..  in  a  quartz  cell  which  was 
fitted  directly  into  the  counting  tube.  The  counter  and  cell  were  pro¬ 
tected  with  a  lead  "chamber”  with  44  mm  thick  walls.  Extraction  was 
carried  out  as  described  above.  These  experiments  showed  that  the  ex¬ 
tent  to  which  cobalt  it  extracted  at  pH  10  is  99.66<]k,  while  at  pH  11  it 
is  only  76.8<]k.  A  similar  result  was  obtained  at  pH  i. 


In  order  to  estabUsh  to  what  extent  the  diethyldithiocarbamates  of 
accompanying  elements  is  extracted  with  CCI4,  and  to  esublish  the  con¬ 
ditions  for  eliminating  interference  from  these  elemeno  on  cobalt  deter¬ 
mination,  we  carried  out  two  series  of  experiments  at  pH  4  and  10.  One 
series  of  experiments  was  carried  out  to  study  the  interaction  of  various 
meul  ions  with  sodium  diethyldithiocarbamate,  and  the  other  with  sod¬ 
ium  diethyldithiocarbamate  in  the  presence  of  EDTA-Na.  The  results 
obtained  ate  given  in  Table  1. 

In  addition,  we  checked  on  the  substitution  (replacement)  series. 
Twenty  ml  of  buffer  solution  with  pH  4  was  introduced  into  a  separating 
funnel;  this  was  followed  by  0.5  ml  of  a  solution  of  a  cobalt  salt  (or  known 
amounts  of  the  solutions  of  the  salts  of  other  elements),  and  2  ml  of 
0.5^  sodium  diethyldithiocarbamate,  and  the  cobalt  diethyldithiocarbamate  (or  the  carbamates  of  the  other  elements) 
formed  extracted  with  10  mlCCl4  for  2  min.  A  solution  of  mercuric  aceute  (0.5^)  was  then  added  and  the  mixture 
shaken  again  for  2  or  4  min.  The  results  obuined  are  given  in  Tables  2  and  3. 


Element 

Max.  amt. 
of  element 
replaced  by 

2  ml  of  O.015I 
HgUsoL4ig 

Shaking  time, 
min 

Ni 

400 

4 

Ni 

600 

•f 

Mn 

400 

4 

Mn 

600 

2 

•A  mixture  of  equal  volumes  of  0.1  M  sodium  carbonate  and  0.1  M  hydrochloric  acid. 

••  The  solutions  were  neated  in  the  same  way  as  that  described  above,  except  that  the  reference  solution  (CCI4) 
treated  in  the  same  way  as  the  cobalt  salt  solution. 


451 


^  —2 
52, !>  +2.5 
39,5  —0.5 
56  +6 

52  +2 


Tsken.  (xg  /2b  ml 
Mn  I  Fe  I  Nl  I  Cm 


found 

HO  ^  ® 


50 

50,5 

130 

132 

50 

38,5 

Taken,  fig 
Mn  I  Fe  I  Nl  |  Co 


deosity,  O 


50  53  +3 

50  52,5  +  2,2 

0  0  0 


25  ml  Optical 
Zn  density.  D 


0,29 

0.40 

-0,00 


As  the  result!  in  Table  1  ihow,  on  adding  sodium  diethyldithiocatbamate  and  EDTA-Na  to  the  test  solution, 
and  changing  the  pH  from  10  to  4.  small  amounts  of  cobalt  can  be  determined  in  the  pretence  of  many  elements. 
The  effect  of  nickel  and  manganese,  which,  despite  altering  the  pH  of  the  medium  and  adding  EDTA-Na,  are  par¬ 
tially  exnacted  as  their  carbamates  with  cobalt,  can  be  eliminated,  at  it  evident  from  the  results  given  in  Tables 
2  and  3,  by  replacing  them  from  their  carbamates  by  mercuric  salts.  By  using  such  a  technique,  not  one  of  the  ele- 
mena  which  we  studied  hardly  affeca  determination  of  cobalL 

Determination  of  Cobalt  in  the  Presence  of  Large  Amouna  ofNi  and  Mn  is  bated  on  the  fact  that  Co,  Mn,  and 


Ni  are  masked  by  EDTA-Na  at  pH  10,  and  thereby  can  be  completely  separated  from  copper,  bismuth,  and  other 
elements.  Subsequently,  by  altering  the  pH  of  the  medium  from  10  to  4,  cobalt  diethyldithiocatbamate  is  exoacted. 
During  this  suge  iron  and  tome  nickel  and  manganese  are  also  extracted.  Their  influence  can,  however,  be  elimin- 
ased  by  replacing  them  with  H^^  iont,wlih  formation  of  colorless  Hg^*  diethyldithiocatbamate,  while  Co ^  is  not 
extracted  under  the  same  conditiona. 
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Tables 


Intro,  fig/25  ml 

Co 

found 

Mg 

Error 

Hg  Sample 

No 

Specified 
Co  con¬ 
tent,  % 

Co  found,  % 

Mean 

value, 

% 

Zinc 

Cobalt 

5000 

50«10 

5000 

5(Min 

5000 

0 

5 

25 

KN) 

140 

0 

5.5 

24,0 

101.0 

136,5 

0 

+0.5  1 

—1 .0  2 

Ml.''  , 

-3,5  3 

4 

0.78 

0.025 

0.015 

0.014 

0.75 : 0.78 

0.023  1  0.021*0.024 
0.018:0.014:0.014 
0.013:0.012:0.012 

0.77 

0.023 

0.015 

0.012 

When  EDTA-Na  U  present  in  solution  together  with  sodium  diethyldlthiocarbamate,  simultaneous  formatioo  of 
cobalt  caibsmate  and  complexonate  is  possible,  since  they  possess  alnx>st  equal  subility.  The  stability  of  the  car> 
bamate  is  somewhat  higher,  so  that  at  pH<  6  cobalt  complexonate  can  change  into  its  carbamate  in  the  preseiKe  of 
a  sufficient  excen  of  sodium  diethyldithiocarbamate.  Accordingly,  on  isolating  cobalt  with  sodium  diethyldiihio- 
carbamate  in  the  presence  of  EDTA-Na,  a  considerable  excess  of  the  latter  it  necessary.  It  was  established  that  4  ml 
of  a  solution  of  sodium  diethyldithiocarbamate  is  necessary  for  masking  4  mg  nickel  and  ISO  pg  cobalL 

On  the  basis  of  the  results  of  the  experiments  described  above  cobalt  was  determined  as  follows.  Four  ml  of  a 
1<^  solution  of  EDTA-Na  and  solutions  conuining  known  amounts  of  cobalt  and  other  elements  were  introduced  Into 
a  separating  funneL  After  shaking  for  two  minutes  16  ml  of  buffer  solution  (pH  10),  4  ml  of  O.S<)i»  sodium  diethyl- 
dithiocarbamate  solution,  and  1  ml  of  glacial  acetic  acid  were  added,  and  extraction  canied  out  for  2  min  vritfa  10 
ml  CCI4.  Two  ml  of  a  O.S^  solution  of  merucric  acetate  solution  wu  then  added  and  the  funnel  shaken  a  further 
4  min.  The  extract  was  traruferred  through  a  dry  filter  into  a  25  ml  standard  flask.  The  extraction  was  repeated, 
the  second  extract  combined  with  the  first,  and  the  volume  made  up  to  the  mark  with  CCI4.  After  mixing,  the  op¬ 
tical  density  was  meuured  in  a  cell  with  a  path  length  of  1  cm  at  365  mfx,relative  to  the  extract  obuined  from  a 
solution  not  conuining  cobalt  which  had  been  and  treated  in  the  same  way  as  the  test  solution.  When  copper  and 
meuls  similar  to  it  were  present,  after  addition  of  the  buffer  solution,  2  ml  of  O.&Jk  sodium  diethyldithiocarbamate 
solution  was  added.  The  prccipiute  of  the  carbamates  of  copper  and  the  odier  elements  were  removed  by  extractioa 
with  CCl^  Determination  of  cobalt  was  ti>en  canied  out  as  described  above. 

From  the  results  obtained  (Table  4)  it  is  clear  that  Iron.copper,  nickel,  and  manganese  do  not  interfere  with  the 
determination  at  ratios  of  Co:Ni;Mn  >  1:800;800;  Co:Cu  >  1:160,  and  Co:Fe  «  1:120.  Microamounti  of  Ag,  Bi,  Cd, 
and  Pb  do  not  interfere  (according  to  the  results  in  Table  1). 

Determination  of  Cobalt  in  the  Presence  of  Large  Amounts  of  Iron.  As  previous  experiments  have  shown,  during 
determination  of  cobalt  with  sodium  diethyldithiocarbamate,  iron  is  replaced  by  mercuric  ions  only  at  ratios  of 
Co:Fe  -  1:120. 

Pyamiukii  [7]  has  shown  that  at  pH  10  iron  it  masked  by  tartaric  or  citric  acid.  Under  these  conditions  cobalt 
it  not  affected.  A  check  which  we  carried  out  showed  that  the  pH  of  die  medium  must  be  strictly  controlled.  This 
limits  the  possibility  of  using  diis  method  of  masking  iron.  Pribil  et  al  [8]  used  thoron  (pyrocatecholdisulfonic  acid) 
as  a  masking  agent.  We  used  pyrocatechol,  which  readily  masks  iron  in  weakly  ainmonlacal  media,  for  this  pur¬ 
pose.  Determination  was  carried  out  at  follows.  Four  ml  of  pyrocatechol  solution  and  the  test  solution  conuining 
known  amounts  of  cobalt  and  interfering  elements  were  introduced  into  a  separating  funneL  Ammonia  was  then  added 
dropwlse  until  the  solution  had  a  red  color,  15  ml  of  buffer  solution  (pH  10)  and  4  ml  of  sodium  diethyldithio¬ 
carbamate  were  then  added.  The  solution  was  next  extracted  with  10  ml  of  CCI4  for  2  min.  The  extract  was  trans¬ 
ferred  to  another  funnel  conuining  15  ml  of  buffer  solution  (pH  10)  and  2  ml  of0.S<Jk  mercuric  aceute  solution,  and 
the  funnel  shaken  for  2  min.  The  extract  which  had  been  freed  from  impurities  was  filtered  through  a  dry  ftlter  into 
a  25  ml  standard  flask.  The  extraction  was  repeated.  The  combined  extracts  were  made  up  to  the  mark  with  CCI4, 
and  the  optical  density  measured  in  a  1  cm  cell  at  365  m|i, relative  toCCl4  treated  in  the  same  way.  Results  of  these 
determinations  are  given  in  Table  6. 

By  using  pyrocatechol  it  is  pouible  therefore  to  determine  cobalt  in  the  presence  of  iron,  manganese,  copper, 
and  nickeL 

Determination  of  Cobalt  in  the  Presence  of  Large  Amounts  of  Copper.  Copper,  in  contrast  to  cobalt,  does  not 
interact  with  EDTA-Na,  and  can  be  precipitated  with  sodium  diethyldithiocarbamate  at  pH  10  and  removed  by  sub- 
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•equent  extr«cticfl  with  CCI4;  under  these  condidont  cobalt  remains  In  die  aqueous  solution  In  which  it  is  determioed. 
In  thoae  cases  where  the  solution  altoconuini,  in  addition  to  copper,  elements  whlch,llke  cobalt,form  complexonatea, 
these  ekmena  are  replaced  from  their  carbamates  by  means  of  a  mercuric  salt  The  determinadon  was  carried  out 
as  follows.  Two  mi  of  a  V%  solution  of  EDTA*  Na,  solutions  conuining  known  amouno  of  cobalt  and  other  elements, 
17  ml  of  buffer  solution,  and  2  ml  of  a  2^  solution  of  sodium  dlethyldithiocarbamate  were  mixed  in  a  separating 
funneL  Copper  carbamate  was  then  extracted  with  CC4.  Extraction  wu  repeated  until  the  extract  obuined  was 
colorkn.  A  further  2  ml  of  2^  sodium  dlethyldithiocarbamate  solution  was  then  added,  and  the  pH  adjusted  from  10 
to  4  by  adding  1  ml  of  glacial  acetic  acid.  The  colored  precipitate  was  extracted  with  10  ml  of  CCI4.  Two  ml  of 
O.S^  mercuric  acetate  solution  was  added  and  the  funnel  shaken  for  2  min.  The  purified  extract  was  traruferred 
through  a  dry  filter  into  a  25  ml  standard  flask.  The  exaaction  was  repeated.  The  volume  was  made  up  to  the  mark 
with  CCI4  and  the  optical  density  measured  relative  to  an  extract  obuined  from  a  blank  run.  The  resula  obuined  are 
given  in  Table  6.  It  follows  from  these  that  cobalt  can  be  determined  in  the  preserve  of  600  times  its  amounts  of 
copper  arsd  40  times  its  amount  of  nickel,  iron,  and  manganese. 

Determination  of  Cobalt  in  the  Presence  of  Large  Amounts  of  Zinc.  Zinc,  like  cobalt,  in  the  presence  of 
EDTA’Na  U  precipiuted  by  sodium  dlethyldithiocarbamate  at  pH<6,  and  is  extracted  together  with  cobalt.  Never* 
thelea,  since  line  carbamate  does  not  exhibit  ippreciable  absorption  in  the  ultraviolet,  cobalt  can  be  determined  in 
the  presence  of  zinc  without  a  preliminary  separation  of  these  elements.  Our  er^eriments  have  shown,  however,  that 
in  the  presence  of  zinc,  the  optical  density  of  the  solution  decreases  (Table  7),  presumably  because  of  the  interactioo 
of  zinc  with  the  free  sodium  dlethyldithiocarbamate  in  solution,  u  a  result  of  which  the  optical  density  of  the  refers 
ence  solution  increases  relatively  (since  sodium  dlethyldithiocarbamate  exhibits  appreciable  absorption  at  365 mfi, 
the  results  for  cobalt  are  low).  Accordingly,  zinc  must  either  be  removed  before  determination,  or  must  be  replaced 
by  addition  of  a  mercuric  ult  solution;  for  this  purpose  extraction  must  be  carried  out  at  pH  4,  since  at  pH  10  the 
basic  zinc  salt  formed  as  the  result  of  hydrolysis  adsorbs  the  cobalt 

On  the  basis  of  experiments  which  we  canied  out.  the  following  analytical  procedure  can  be  suggested.  Nine* 
leen  ml  of  buffer  solution  (pH  4)  and  a  solution  containing  cobalt  and  zltK  are  introduced  into  a  separating  funneL 
Four  ml  of  a  solution  of  sodium  diethyldithiocarbamate  is  then  added  and  the  mixture  extracted  with  about  10  ml 
of  CCI4;  having  added  2  ml  of  0.5^  mecuric  acetate  solution,  the  funnel  is  shaken  up  again  for  a  further  2  min.  The 
extract  is  next  transferred  through  a  dry  filter  into  a  25  ml  standard  flask.  Extraction  is  repeated.  The  extracts  are 
combined  and  their  volume  made  up  to  the  mark  with  CCl4{  the  optical  density  is  tiien  measured  relative  toCCl4 
treated  in  the  same  way.  Raul^  of  cobalt  determination  are  given  in  Table  8. 

In  order  to  check  on  the  method,  we  analyzed  samples  of  nickel  meul  (sample  No.  1),  copper>zinc  sulfide  ores 
(samples  Nos.  2  and  3),  and  an  ore  witii  a  high  content  of  rare  eartia  (42.2^;  sample  No.  4). 

Determination  of  Cobalt  in  Nickel  MetaL  An  aliquot  was  dissolved  on  heating  in  a  mixture  of  acids  [10  ml 
HCl  (1:1)  ♦  5  ml  HNO,  ).  After  evaporating  to  dryneu  the  residue  was  diuolved  in  hot  water,  the  solution  transferred 
to  a  100  ml  sundard  flask,  and  its  volume  made  up  to  the  mark  with  water.  A  2  ml  aliquot  of  this  solution  was 
pipetted  into  a  separating  funnel  and  cobalt  determined  by  the  procedure  outlined  (determination  of  cobalt  in  die 
presence  of  nickel  and  manganese).  The  results  are  given  in  Table  9. 

Determination  of  Cobalt  in  Rocks.  An  aliquot  of  0.5-1. 0  g  was  decomposed  with  a  mixture  of  hydrochloric 
and  nitric  acids  on  heating.  The  solution  was  diluted  with  an  approximately  equal  volume  of  water;  it  wu  then 
cooled,  and  after  silica  wu  filtered  off  wu  evaporated  to  dryneu.  The  dry  residue  wu  moistened  with  a  small 
amount  of  hydrochloric  acid,  and  again  evaporated  to  dryneu  to  remove  the  niaic  acid  completely.  The  residue 
wu  dissolved  in  8-10  ml  of  6  N  hydrochloric  acid  and  the  iron  removed  by  exaaction  with  10  ml  of  ether  saturated 
with  6  N  HCL  The  ethereal  layer  was  discarded.  The  aqueous  layer  was  evaporated  to  the  moist  salt  stage,  the  salts 
were  dissolved  in  hot  water  and  the  solution  obtained  filtered  into  a  50  ml  standard  fluk.  An  aliquot  (5-10  ml)  wu 
aansfened  to  a  separating  funnel,  and  4  lul  of  EDTA-Na  and  11  ml  of  buffer  solutioi  (pH  10)  added;  ammonia  wu 
finally  added  dropwise  until  the  pH  wu  10  (indicator  paper).  Analysis  was  subsequently  canied  out  according  to 
the  procedure  outlined  for  the  determination  of  cobalt  in  the  presence  of  nickel,  manganese,  and  copper  (samples 
2  and  3).  or  by  the  procedure  given  for  the  determination  of  cobalt  in  the  presence  of  Cv^pper  (sample  No.  4):  Since 
sample  No.  4  conuined  42.2<^  of  rue  euths  in  addition  to  iron,  copper,  zinc,  and  calcium,  the  rare  euihs  were  re¬ 
moved  u  their  oxalates  [9]  before  removing  the  iron.  As  the  resulu  given  in  Table  9  show,  the  suggested  method 
gives  completely  utisfactory  results. 
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SUMMARY 


A  study  hat  been  made  of  the  conditiont  necessary  for  the  photometric  determination  of  small  amounts  of  co* 
bait  in  the  form  of  Co  (ID)  diethyldithiocarbamate  at  'I'he  optimum  pH  range  for  exoacdng  cobalt 

carbamate  with  carbon  tetrachloride  has  been  esublithed  by  meant  of  Co**  (pH  4.0  -  10.0). 

A  photometric  method  hat  been  developed  for  the  determination  of  small  amounu  of  cobalt  in  the  pretence  of 
large  amounts  of  nickel,  manganese,  copper,  iron,  and  zinc,  in  which  the  cobalt  it  determined  in  the  form  of  a  tolu* 
tion  of  cobalt  OH)  diethyldithiocarbamate  in  CCI4.  The  sensitivity  of  the  method  at  Xj^gj^  ■  365  m|i  it  0.2  pg  Co/mL 
Solutions  conform  to  Beer's  law  over  the  range  0  •  ISO  pg/25  ml.  Satisfactory  results  have  been  obuined  during 
the  determination  of  cobalt  in  samples  of  nickel  metal  and  rocks. 
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The  absence  of  analytical  methods  of  determining  free  nitric  acid  ir  organic  solvents  (a  mixture  of  ffibutyl 
phosphate  with  CClior  saturated  high  boiling  hydrocarbora-SlBH  *)compels  Ac  research  worker  to  transfer  the  coo- 
tents  of  the  organic  phase  into  an  aoueous  solution,  in  whicl  the  free  nitric  acid  is  determined  by  potentiometric 
or  conductometric  titration.  Such  a  meAod,  however,  is  not  jmtified,because  of  Ae  long  time  uken  to  cany  it  oat, 
but  mainly  because  of  Ae  appreciable  errors  which  arise  dutttg  determination  of  acidity,  siiKe  in  the  final  result 
this  reduces  to  the  old  problem  of  determining  acidity  in  tie.  presence  of  one  or  several  hydrolyzable  salts  [1-7). 

The  use  of  complexiig  agents  [2,3]  and  heavy  metal  salt  precipiunts  [6,7] 
appreciably  lengthens  Ac  ::ourse  of  an  analysis  and  does  not  lead  to  Ae  desired 
effect  in  the  case  of  low  cmcenDationt  of  free  acid.  Indirect  meAods  of  deter¬ 
mining  acidity  (the  use  ofcadcn  exchange  resins  in  Ae  H-forn^H^Oi,  etc)  are  also 
not  free  from  the  diudvanages  listed  above. 

We  have  oied  lo  use  the  simplest  aliphatic  and  cyclic  amines  for  Ae  detec¬ 
tion  and  quantitative  detemination  of  niaic  acid  directly  in  tributylphosphate  solu¬ 
tions. 

During  Ae  isolatior^if  amines  from  aqueous  or  mixed  (water  and  organic 
solvent)  solutioiu  in  organc  synAeses,  wide  use  is  made  of  neutralization  reactions 
leading  to  the  formation  d' sparingly  soluble  salts  of  an  organic  base  and  a  mineral 
acid.  Hydrochloric  acid. k: most  frequently  used  for  Ait  purpose,  but,  generally 
speaking.  Ae  choice  of  and  depends  to  a  considerable  extent  on  Ae  type  of  amine, 
and  on  Ae  medium  in  whch  it  is  found.  It  is  obvious.  Aat  if.  on  Ae  other  hand, 
Ae  mineral  acid  it  in  die  voganic  phase,  then  its  presence  can  be  detected  by 
means  of  amines.  Infornbtlon  has  been  published  [8]  to  Ae  effect  Aat  salts  of 
aliphatic  amines  of  high  molecular  weight  (of  Ae  order  ofd50-600)  are  considerably  more  soluble  in  organic  solvents 
of  low  polarity,  and  are  used  during  Ae  extraction  separatim  of  heavy  metals  [8.9].  Accordingly,  we  have  only  ex¬ 
amined  the  simplest  and  most  readily  available  represenutivs  of  Ae  clast  of  aliphatic  and  cyclic  amines. 

AlAough  uibutylphoephate  solutions  of  uranyl  niDate  .slways  contain  some  water  in  Ae  form  TBP  •  H|0  [1C]  it 
might  be  expected  Aat  the  addition  of  a  very  weak  organic  base  to  such  solutions  Aould  not  icad  to  chemical  pro- 
ces.«es  related  to  the  hydrolysis  of  uranyl  nitrate. 

Cualiutive  tests  (Table  1)  showed  Aat  many  of  the  anines  tested  form  precipitates  wiA  Ae  nitric  acid  pre¬ 
sent  in  tributylphosphate  solutions.  The  simplest  representatves  of  the  aromatic  amines  proved  to  be  good  precip¬ 
iunts.  Of  Aese,  Ae  one  of  greatest  practical  interest  wasauldlne  (2,3-dibenzopytidine).  the  seiuitivity  of  which 
to  HNO|  proved  to  be  highest  ( Ae  usual  weighting  effect  of  .ui  organic  molecule  in  a  homologous  series),  while  Its 
salt  form —acridine  niuate-ls  very  suble  under  ordinary  cnididons.  Thermcgravimetric  study  Aowed  Aat  Ais  com¬ 
pound  (Fig.  1)  can  be  heated  up  to  120*  wiAout  suffering  aimeciable  decomposition  or  volatilization;  in  addition, 
it  was  esublished  Aat  it  does  not  possets  any  appreciable  hyposcopicity. 

The  composition  of  Ae  precip'tate  was  determined  hy conductometric  and  indicator  titration,  and  also  gravl- 
meirically. 

*SHBH  -  saturated  hl^  boiling  faydrocarboni. 
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Fig.  1.  TherriKigravlgram  of 
acridine  nitrate. 


Table  1 


Amine ‘(about  0.01  V 

solution  in  CCI4) 

20^  tributylphosphate 
in  CCI4  containing 

0.05  M  HNO, 

2i/%  tributylphosphate 
in  SHBH  conuining 
0.05  M  HNOi 

Ethylamine 

- 

White  precipiute 

Diethyls  mine 

White  precipitate 

•  • 

Allylamine 

No  preciptate  formed 

Aniline 

White  precipiute 

White  precipiute 

p-Anisidine 

•  • 

•  • 

a,  0-Naphthylaminea 

m  m 

•  • 

Pyridine 

mm 

•  • 

Quinoline 

m  m 

•  • 

Quinaldine 

m  m 

m  m 

Acridine 

Yellow  precipitate 

Yellow  precipiute 

Diphenylamine 

No  precipiute  formed 

No  precipiute  formed 

Benzidine 

White  precipiute 

White  precipiute 

Nitr(» 

No  precipiute  formed 

No  precipiute  formed 

*5'7  ml  of  a  carbon  tenachloridc  solution  of  the  amine  was  added  to  about  1  ml  of  tri' 
butylphosphate  solution  containing  HNO^  in  each  case. 


In  the  first  instance  an  accurately  weighed  aliquot  of  acridine  iritrate,  obtained  by  precipitation  in  tributyl* 
phosphate  solutions,  was  uken,  and  the  amount  of  nitric  acid  present  calculated  on  the  basis  of  the  formula  C^Ha  * 

CH  *  C«H4N  •  HNO,.  The  aliquot  was  then  dissolved  in  a  mixture  of  H|0  -  CH|OH  (4:1)  and  titrated  with  an  aqueous 
alkali  solution.  The  eouivalence  point  was  clearly  defined  both  when  visual  titration  with  and  without  an  indicator 
(phenolphthalein)  was  used. 

In  the  second  instance,  knowing  the  exact  concentration  of  nitric  acid  in  a  4^  solution  of  tributylphosphaie 
(CC1|  and  SHBH  were  used  for  diluting  the  tributylphosphate),  it  was  precipitated  as  acridine  nitrate  by  adding  an 
excess  of  a  solution  of  acridine  in  CCI4.  The  precipitate  was  filtered  off  through  a  No.  3  or  No.  4  crucible,  washed 
with  carbon  tetrachloride,  dried  at  90*,  and  weighed. 

As  a  result  of  these  experiments  it  was  established  that  addition  of  acridine  to  acid  (with  respect  to  HNO|) 
nibutylphosphate  leads  to  formation  of  a  sparingly  soluble  compound  whose  composition  correspends  to  die 
formula  C(H4  *  CH  *  C4H4N  •  HNOj.  The  solubility  of  this  compound  decreases  with  decreasing  percenuge  content 
of  the  tribuylphosphate  in  the  inert  solvent  (CC14,  SHBH).  Thus  the  solubility  in  i/%  and  7P%  solutions  of  oibutylphoa* 
phate  in  CCI4  is  50  and  20  mg/liter  respectively,  or  in  terms  of  nioic  acid  13  and  5.2  mg/liter.  At  the  same  time 
acridine  nitrate  is  almost  insoluble  in  carbon  tetrachloride  not  containing  tributylphosphate.  Its  solubility  in  solutions 
of  tributylphosphate  in  SHBH  is  also  dependtmt  to  a  considerable  extent  on  the  tributylphosphate  concentration.  Ac* 
cordingly,  it  is  desirable  to  dilute  (he  test  solutions  with  carbon  tetrachloride  so  that  the  tributylphosphate  concent 
of  the  latter  is  not  higher  than  i/%,  and  then  precipitate  the  nitric  acid  by  adding  exceu  of  the  free  base  dissolved  in 
CCI4.  Precipitation  experiments  (Table  2)showed  that  gravimetric  determination  of  nitric  acid  is  impouible  when  the 
extent  to  which  20^  tributylphosphate  solutions  is  saturated  with  uranyl  nitrate  is  50-95^,  while  the  ninic  acid  con¬ 
tent  is  not  greater  than  0.02M.  On  the  other  hand  this  is  connected  with  the  slight  solubility  of  acridine  nitrate  in 
tributylphosphate  solution,  and  on  the  other  hand  with  (he  entrainment  of  some  uranyl  nitrate  in  the  precipitate,  which 
leads  to  appreciable  (up  to  30<^  relative)  errors  during  gravimetric  determination  of  nitric  acid  as  acridine  nitraie. 
Washing  the  precipitate  on  the  filter  with  a  2%  solution  of  tributylphosphate  containing  about  0.03  M  HNO|  does  not 
always  produce  the  desired  effect.  It  was  established  that  reasonable  results  could  be  obtained  by  applying  a  correc¬ 
tion  for  the  uranyl  niuate  enuained  in  the  precipitate.  In  order  to  do  this  a  known  amount  of  the  precipitate  (after 
the  first  weighing)  was  transferred  from  the  porous  filter  to  a  porcelain  crucible,  in  which  it  was  weighed;  the  contenii 
of  the  crucible  were  then  calcined  at  850-900\  The  amount  of  uranyl  nitrate  which  was  trapped  in  the  precipitate 
and  determined  in  this  way  was  then  subtracted  from  (he  result  of  the  original  gravimevic  determination  (see  Table  2). 

In  some  instances  (low  HNO|  contents  in  tributylphosphate  solutions)  nitric  acid  can  be  determined  pbotomet- 
tically  using  the  yellow  color  of  acridine  in  solutions  of  mineral  acids  for  this  purpose. 
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Table  2.  Gravimetric  Determination  of  Niaic  Acid  in  20<^  Tributylphoaphate  Solution! 
by  Means  ol  Acridine  • 


Expt. 

No. 

Extent  to 
which  the 
tributvl* 
phospnate 
soL  is  tat. 
wlthur* 
anyl  ni* 
trate  ^ 

Amt. 

of 

HNO, 
in  soL, 
mg 

HNO, 

found, 

mg 

Dcvla* 
tion  from 
true 
value 

Expt. 

No. 

Extent  to 
which  the 
tributvl* 
phospnate 
soL  is  sat. 
wiAur* 
anyl  ni* 
trate,  % 

Amt. 

of 

HNO, 
in  soL, 
mg 

HNO, 

found. 

mg 

Devia¬ 
tion  from 
true 
value 

1 

0 

33.5 

55.0 

-0,5 

10 

70 

55,5 

61,6 

+  6.1 

2 

0 

97,0 

W,6 

-0,4 

ll*** 

70 

55.5 

56,4 

+  0,9 

3 

5 

55.5 

55,2 

-0,3 

12** 

90 

55,5 

67.4 

+11.» 

4** 

5 

48.5 

48,8 

-4-0.3 

i3*** 

90 

55,5 

57,0 

+  1.5. 

S 

ir, 

25,0 

25,3 

+0,3 

14 

90 

25  0 

31,2 

+  6,2 

6«* 

10 

48.5 

49,2 

+0.7 

15**» 

90 

25.0 

23,7 

—  1.3 

7.. 

30 

55,5 

56.8 

+  1,3 

16 

95 

25,0 

30,5 

+  5,5 

8 

30 

55.5 

56,1 

+0,6 

95 

25,0 

25,8 

+  0.8 

9 

40 

55,5 

56,2 

+0,7 

•The  volumes  of  the  original  solutions  did  not  exceed  10  mL 
••  20^Solutions  of  tributylphosphate  inSHBH,  the  remainder  inCCl^ 

•••  Corrections  applied  for  uranyl  nitrate  content  as  a  result  cf  gravimetric  determinadona. 

Just  at  in  the  case  of  gravimetric  determination,  the  precipitate  on  the  filter  must  be  washed  widi  a  2^  solu* 
don  of  tributylphosphate  in  CCI4  conuining  a  small  amount  of  nitric  acid,  about  0.03  N;  subsequently  the  precipitate 
is  washed  with  small  portions  (S-10  ml)  of  carbon  tecachloride  to  remove  aibutylphosphate,  and  the  acriditse  ninate 
then  dinolved  in  0.1  N  HCL  A  calibration  curve  is  constructed  by  using  specially  prepared  soltuions  of  tributylphoa* 
phate  with  known  nitric  acid  contents;  in  this  way  it  is  also  ponible  to  automatically  apply  conections  for  the  slight 
but  dehnite  solubility  of  acridine  niaate  in  tributylphosphate  solutions.  The  optical  density  is  measured  using  a 
blue  filter.  Since  the  solutions  do  not  conform  to  Beer's  law  over  the  working  part  of  the  calibration  curve,  a  sufH* 
ciently  large  number  of  points  must  be  uken.  Results  of  photometric  determination  are  given  in  Table  3. 

Table  3.  Photometric  Determination  of  HNO|  on  the  Basis  of  the  Color  of  Acridine  Nitrate 


in  0.1  N  HCL 


Expt. 

No. 

Extent  to 
which  the 
tributvl" 
pi'.ospnate 
joL  is  sat. 
withur* 
anyl  ni¬ 
trate,  > 

Amt. 

of 

HNO,. 

mg 

Amt. 

of 

test 

toU 

ml 

M 

ExpcL 

error 

(rela* 

tive) 

Expt. 

No. 

Extent  to 
which  the 
tributyl* 
phospnate 
sol.  is  sat. 
with  ur* 
anyl  nl* 
uate,  ^ 

Amt. 

of 

HNO,, 

mg 

Amt. 

of 

test 

soL. 

ml 

HNO, 

found, 

mg 

ExptL 

error 

(rela¬ 

tive) 

1 

0 

11.6 

2 

11.7 

+1 

9 

60 

5.8 

10 

5.8 

0 

2* 

0 

11.6 

4 

11.4 

_ 2 

10* 

25 

5.8 

10 

5,6 

—3 

3 

50 

11.6 

2 

11.6 

5 

11 

0 

5.8 

20 

6.0 

+3 

4 

50 

11,6 

2 

11.4 

—2 

12 

20 

5.8 

20 

5.9 

+2 

5 

75 

11.0 

4 

11.6 

0 

13 

60 

5.8 

20 

5,6 

—3 

6* 

80 

11.6 

4 

12.2 

+5 

14 

0 

1.16 

10 

1.07 

-8 

7 

0 

5.8 

10 

5.7 

—2 

15* 

5 

1,16 

10 

1.14 

-2 

8* 

5 

5,8 

10 

5.8 

0 

16 

95 

1.16 

10 

1,07 

—8 

•26^  Solutions  of  tributylphosphate  in  SHBH,  the  remainder  In  CCI4, 


Even  smaller  atiK>unts  of  nitric  acid  (of  the  order  of  0.002*0.0002  M)  could  obviously  be  determined  nephelo* 
metrically  directly  in  oibutylphosphate  solutions  in  the  pretence  of  uranyl  nitrate. 

Formation  of  acridine  nitrate  is  particularly  convenient  for  the  qualitative  detection  of  free  nitric  acid;  the 
limiting  diluticn  Is  1:80,000  for  20<^  solutions  of  tributylphosphate  in  SHBH,  while  the  limit  of  identification  is  50  pg. 
Using  this  reaction  it  it  possible  to  detect  complex  formation  (mono*  and  dialkylphosphatet,  5*diketonet,  etc)  and 
tolvoiyiis  processes  (carboxylic  and  other  organic  acids)  which  occur  in  ulbutylphosphate  solutions  between  uranyl 
nitrate  and  the  compounds  Indicated,  since  nitric  acid  it  formed  as  the  result  of  chemical  interaction. 
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SUMMARY 


A  new  method  has  been  developed  for  the  gravimetric  and  photometric  determinatloa  of  firee  nitric  acid  in 
tributylphosphate  solutions  conuining  varying  amounts  of  uranyl  nitrate. 

The  composition  of  the  compound  formed  as  the  result  of  the  interaction  of  ninic  acid  and  acridine  in  tributyl* 
phcaphate  solutions  corresponds  to  the  formula  C«H4  *CH  *  C^KiN  *  HNOy. 
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ELEMENTAL  ANALYSIS  BY  THE  "WET  COMBUSION”  METHOD 
COMMUNICATION  3.  DETERMINATION  OF  CARBON  AND  NITRO¬ 
GEN  IN  NITRO  COMPOUNDS  ON  ONE  ALIQUOT* 

A.  P.  Terent'ev  and  B.  M.  Lutkina 

M.  V.  Lomonosov  Moscow  Sute  University 

Translated  from  Zhurnal  Atuliticheskoi  Khimil.  VoL  16,  No.  4, 

pp  462-464,  July-August,  1961 

Original  article  submitted  Jurte  24,  I960 


The  "reduced*  and  "oxidized*  forms  of  niuogen  can  be  distinguished  by  their  behavior  during  the  oxidatioa  of 
niaogeo-containing  materials.  Amines,  imines.  etc, which  liberate  ammonia  oo  oxidation  with  sulfuric  acid,contain 
the  reduced  fam  of  nitrogen.  Materials  widi  azo-,  hydrazo-,  niiio-  and  nltroso  groups  etc,  which,  on  oxidatioo, 
Uberate  nitrogen  as  the  elemental  form  or  nitrogen  oxides,  can  be  regarded  as  compounds  which  conuin  the  oxidized 
form  of  nitrogen. 


Detexmlnatioa  of  Carbon  and  Nitrogen  in  Compounds  Cootalnir^  the  Oxidized  Form 
o^itiogen,  Usii^  One  AUqooc 


■m 

m 

m 

N, 

r3H1 

Test  Material 

1 

Calcu¬ 

lated 

Found 

Calcu** 

lated 

1 

Diffeteocc 

2 -Methyl -3 -carbethoxy-4 -nltro- &-meds- 

r>7,i5 

57,33 

—0,18 

4,75 

4,78 

—0,03 

oxv-6-methylbenzofurane  CnHjjOiN 

bl'M 

-}  o’,ii 

4;5S 

-o;2o 

2 -p -  Ni  tr  ophe nyl- 3-c  arbe  thoxy- 5  -  me  th- 
oxybenzofurane  Cj|H]{0(N 

63.31 

63,39 

63,34 

-0,03 

1-0.05 

3,90 

3,93 

4,10 

—0,20 

—0,17 

3.5-Dinitrobenzoic  acid  CfH/)(N| 

39,51 

39,71 

39,63 

-0,12 

-i-0,08 

13,22 

l.^.CO 

13,21 

-0.12 

m-Nitrophenol  CjHfO|N 

51,62 

51,57 

51,80 

-0,18 

-0,23 

5,89 

9,93 

10,07 

-0,18 

-0,14 

m-Niuoaniline  CjH40jN| 

52.02 

V>  17 

—0,15 

2»\18 

20,28 

—0,10 

51,95 

-0,22 

20,31 

+0.03 

p-Aminoazobenzene  CgHuN) 

72,82 

ill 

— 0.Z5 

21.62 

OI  *14 

+0.31 

73,11 

-r0,Ol 

21.57 

+0,23 

Methods  have  been  published  for  the  simultaneous  determination  of  carbon  and  nitrogen  by  wet  combustion. 

As  a  rule,  they  are  suitable  for  compounds  in  which  the  nitrogen  is  in  the  reduced  form  [1*3]. 

We  have  shown  earlier  [4]  that  during  combusion  of  amines,  nitriles,  indoles,  and  pyrrolidines  with  a  mixture 
of  sulfuric  and  chromic  acids,  carbon  is  oxidized  to  carbon  dioxide  and  can  be  determined  gravimenically,  while 
nitrogen  it  converted  into  ammonium  sulfate  and  can  be  determined  as  ammonia  by  distillation  after  addition  of 
excess  alkali.  It  has  also  been  found  that  when  the  reduced  and  oxidized  forms  of  nitrogen  are  present  at  the  tame 
time,  only  the  first  of  these  forms  is  determined. 

The  wet  combusion  method,  like  the  KJeldahl  method,  without  preliminary  reduction,  is  not  tu.uble  for  the 
determination  of  nittogen  in  many  organic  materials.  In  order  to  extend  the  field  of  application  of  KJeldahl'smethryl, 
various  methods  have  been  suggested  for  the  preliminary  reduction  of  materials  conuining  nitrogen  in  the  oxidized 
form.  The  following  are  examples  of  materials  which  have  been  used  at  reducing  materials:  glucose  [S],  hydrogen 

•  For  communication  2,  see  Zh.  analit.  khimii  16,  83(1961) 
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iodide  [6],  thiotalicyllc  «cid  [7],  chromium  chloride  [8],  c  hydrochloric  acid  loludon  of  lunnoui  chloride  [9].  eIdc 
dust«  etc. 

In  the  work  deKribed  here  we  have  eitabllihed  that  the  most  suitable  reducing  agent  for  prelirninary  reduction 
of  nitro  groups  is  zinc  dust  in  an  aqueous  solution  of  sulfuric  acid.  It  was  esubllshed  that  in  this  way  it  is  possible 
to  determine  carbon  and  nitrogen  on  one  aliquot. 

Experimental  Procedure.  A  50-70  mg  aliquot  was  diuolved  in  5  ml  of  dilute  (1:2)  sulfuric  acid,  0.2  g  of  ziiK 
dust  was  added  anv.  die  mixture  heated  for  10  min  at  100*.  During  this  suge  nitro  groups  were  reduced  and  most  of 
the  water  was  removed  by  evaporation.  When  the  test  material  did  not  diuolve  in  sulfuric  acid,  die  mixture  was 
carefully  stirred  so  that  none  of  the  material  was  lost  on  the  vessel  walls.  The  flask  was  then  cooled  and  a  further 
5  ml  of  concentrate  j  sulfuric  acid  added;  this  was  followed  by  1.5-2  ml  of  chromic  acid  and  combustioo  carried  out 
by  the  method  described  earlier  [4].  The  carbon  content  was  determined  from  the  weight  of  absorbed  carboo  dioxide 
in  the  tube  containing  askarite.  In  order  to  determine  the  niaogen,  the  sulfuric  acid  solution  remaining  after  com¬ 
bustion  was  transferred  to  a  flask  fitted  with  a  splash  head,  50  ml  of  40^  potassium  hydroxide  solution  was  added,  and 
ammonia  distilled  as  usual  into  0.1  N  acid  solution,  excess  of  which  was  titrated  with  0.1  N  alkali  in  the  presence  of 
2-3  drops  of  methyl  red. 

The  table  contains  results  for  the  determination  of  carbon  and  nitrogen  in  a  few  of  the  materials  arulyzed, 
using  one  aliquot. 

The  results  obtained  show  that  the  "wet  combustion”  method  coupled  with  preliminary  reduction  is  suitable 
for  die  analysis  of  carbon  and  nitrogen  in  niao  compounds.  It  should  be  pointed  out,  however,  that  this  method  la 
not  suitable,  when,  during  the  reduction  proceu,  CO  or  CS|  is  liberated  or  acetic  acid  and  other  volatile  organic  mat¬ 
erials  are  formed. 

It  might  be  expected  that  azo  compounds  should  be  reduced  under  the  conditions  indicated,  and  that  on  sub¬ 
sequent  combustion  it  should  be  pouible  to  determine  carbon  and  nitrogen.  Analysis  of  p-aminoazobenzene  diovred 
that  in  fact  the  results  obtained  are  close  to  the  theoretical  values  (tee  table).  It  it  not  likely  that  hydrazones,  vrhich 
are  hydrolyzed  in  acid  media  with  formation  of  hydrazine  salts,  can  be  analyzed  in  diis  way. 

When  the  reduced  and  oxidized  forms  of  nitrogen  are  present  simultaneously,  the  suggested  method  could  be 
used  for  their  separate  determination.  By  carrying  out  combustion  after  preliminary  reduction  the  total  nitrogen  con¬ 
tent  would  be  determined,  e.g.,in  p-aminobenzene  and  m-niaoauiline  (see  table).  By  carrying  out  atMther  com¬ 
bustion  without  preliminary  reduction,  only  the  reduced  form  of  r.inogen  would  be  determined  [4];  the  oxidized  form 
of  nitrogen  would  then  be  given  by  the  differetKe  in  the  two  determinations. 

SUMMARY 

A  mediod  has  been  developed  for  the  determination  of  carbon  and  nitrogen  in  nitro  compounds,  using  orse 
aliquot;  it  is  based  on  reduction  of  the  niao  group  with  zinc  dust  in  dilute  sulfuric  acid,  and  subsequent  wet  com¬ 
bustion  with  chromic  and  sulfuric  acids  by  a  method  described  earlier.  It  has  been  shown  tliat  when  the  reduced  and 
oxidized  forms  of  niaogen  ('~NO|  or  ~N  ^  N  *~)  are  present  simultaneously,  the  method  can  be  used  for  their  separate 
determination. 
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We  have  shown  earlier  that  when  test  material  is  decomposed  in  a  tube,  the  decomposition  does  not  proceed 
simultaneously  throughout  the  whole  mass  of  tCkt  material,  but  layer  by  layer,  and  is  accompanied  by  fcnnatioa 
of  active  fragments  of  the  molecules  of  the  test  material  [1].  The  active  products  from  the  decomposition  are  oxi> 
*dized  in  the  tube  and  at  the  exit  from  the  tube.  It  is  the  decomposition  products  of  the  test  material  that  past  into 
the  oxidation  zone,  not  the  vapors  of  the  materiaL  Durlngdecomposition  in  an  empty  tube  and  in  a  rapid  stream  of 
oxygen  one  cannot  on  any  account  leave  out  the  zone  of  preliminary  thermal  decomposition.  Actually  if  one  ex* 
amines  the  various  methods  used  for  determination  of  carbon  and  hydrogen  (Table  1),  it  becomes  clear  that  ccmbus* 
tion  with  slow  evaporation  (from  a  boat)  can  only  be  carried  out  by  using  excess  oxygen,  when  no  other  oxidizing 
agent  or  caulysts  are  used,  while  on  canying  out  combustion  with  preliminary  decomposition  (in  a  test  tube  within 
the  combustion  tube)  reliable  results  can  always  be  obtained  without  any  supplementary  filling  of  the  oxidizing  zone. 


Taose  1 


Kletbod 

Combustion 

^gen 

flowrate, 

ml/mln 

Fred 

In  a  boat 

Tea 

4 

Nledcrl  and  Nleded 

• 

• 

4 

Friedrich 

In  a  test  tube 

• 

4 

Fedoseeva  and  Pavlenko 

In  a  boat 

• 

50 

Korbl 

• 

• 

60 

Belcher  and  Spooner* 

• 

No 

50 

Belcher  and  Ingram*  * 
Zabrodina 

In  a  test  tube 

m 

50 

30-50 

Koohun  and  Klimova 

• 

m 

30-60 

*The  method  is  not  universaL 

**The  oxidizing  zone  is  lengthened  and  quartz  inserted  in  It. 


In  addition,  it  is  known  that  decomposition  in  a  test  tube  with  preliminary  pyrolysis  has  Justified  itself,  what* 
ever  gas  stream  is  used:  oxygen  [2],  hydrogen  [3],  carbon  dioxide  [4],  and  nitrogen  [5].  In  the  first  two  cases  the  de* 
composition  can  proceed  with  and  without  participation  of  the  gas,  while  nitrogen  does  not  participate,  and  CO|  can 
participate  in  the  decomposition  proceu  only  by  virtue  of  the  fact  that  at  high  temperatures  it  partially  dissociates 
into  CO  and  0|,  i.e.,  the  interaction  of  the  gas^ln  which  the  decomposition  is  carried  out-'with  the  test  material 
differs  in  the  cases  considered.  Conseouently,  the  gas  in  which  the  decomposition  it  carried  out  does  not  play  a  de* 
cisive  role  when  determinations  are  made  in  a  rapid  stream.  A  common  feature  of  all  the  analytical  methods  in* 
volving  a  rapid  gas  soeam  it  that  decomposition  proceeds  at  the  tame  rate  at  in  the  test  tube,  which  behaves  as  a 
temitealed  zone,  from  which  the  gat  stream  cannot  carry  out  with  it  the  vapors  of  the  test  material  and  the  inactive 
decomposition  products.  We  should  like  to  emphasize  that  the  time  for  which  the  vapor  of  the  test  material  is  in  coo* 
uct  with  the  hot  surface  of  the  test  tube  walls  and  with  the  hot  gat  it  determined,  not  by  the  fat  flow  rate,  as  inevi* 
tably  occurs  during  evaporation  from  a  boat,  but  by  the  analytt,who  by  carefully  following  the  decompositloa  can 
cany  out  the  proceu  at  faster  or  slower  rates  depending  on  the  properties  of  the  test  compound. 
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Complete  thermal  deoompoaition  can  be  regarded  aa 
a  u«ree  stage  proceai: 

1.  Decompoaitloa  of  the  material  in  the  solid  or  liquid 
phase  with  formation  of  gaseous  products,  during  which  the 
compound  either  preserves  its  structure,  or  the  molecule 
breaks  down  with  formation  of  fragments  with  low  activity. 

2.  Decomposition  of  the  material  in  the  gaseous  phase 
with  formation  of  active  fragments. 

3.  Oxidation,  hydrogenation,  or  some  other  destructive 
breakdown  of  the  active  moleculet:  this  last  process  always 
proceeds  very  rapidly. 

Decomposition  of  the  test  material  in  the  solid  or 
liquid  phase  is  a  direct  function  of  the  heating  rate,  which 
it  controlled  by  the  analyst  to  that  the  decomposition  only 
occurs  inside  the  semisealed  zorre.  Since  the  dimensions 
of  the  test  tube  do  not  guarantee  decomposition  of  the  whole 
mass  of  sample  all  at  once,  the  process  must  be  carried  out 
gradually,  and  its  rate  limited  by  the  capacity  of  the  test 
tube.  The  rate  can  only  be  increased  in  those  cases  where 
the  volume  of  the  semisealed  decomposition  is  increased.  Subsequent  decomposition  of  test  material  depends  not 
so  much  on  the  rate  of  heating  as  on  the  temperature.  In  a  large  semisealed  zone  the  active  fragments  of  the  com* 
pound  can  react  further.  This  last  proceu  occurs  so  rapidly  in  oxygen  that  it  it  almost  complete  inside  the  decora* 
position  zone  and  it  is  the  final  combustion  products  that  pan  almost  completely  into  the  oxidation  zone. 

On  the  basis  of  what  has  been  said  above,  we  have  developed  a  rapid  and  simple  method  for  carbon  and  hydro* 
gen  determination.  In  this  design  we  reuined  the  semisealed  zone,  but  increased  its  size  to  that  combustion  could 
be  carried  out  as  fast  at  ponible.  Since  the  test  tube  had  been  increased  in  size,  that  of  the  combustion  tube  could 
not  be  increased«tince  an  increase  in  the  size  of  the  latter  would  affect  the  piuging  time;  its  design,  therefote^tad 
to  be  modified.  By  connecting  the  test  tube,  in  which  decomposition  v.*at  canied  out  with  the  combustion  tube  into 
one  unit  (Fig.  1),  we  were  able  to  increase  the  decomposition  zone  appreciably  and  at  the  same  time  only  alter  the 
total  volume  of  the  combustion  tube  to  a  small  extent.  As  we  established,  combustion  can  be  canied  out  very  rap* 
idly  (in  2*3  min)  in  such  an  apparatus,  without  need  for  control  on  the  part  of  the  analyst. 

The  principle  of  the  highspeed  combustion  method  we  have  developed  consists  in  rapid  combustion  of  test 
material  in  a  large  semisealed  decomposition  zone  in  a  rapid  stream  of  oxygen.  Oxidation  products  are  absorbed 
and  determined  as  usuaL  The  method  has  also  proved  suiuble  foe  analyzing  compounds  with  angular  methyl  groupa; 
such  compounds  are  known  to  be  the  most  difficult  to  analyze. 

EXPERIMENTAL 

Experimental  Procedure.  Analysis  it  canied  out  in  the  usual  apparatus  used  for  rapid  determination  of  carbon 
and  hydrogen.  The  combustion  tube  is  made  from  transparent  quartz  and  consists  of  two  parts  connected  together 
either  via  a  ground  Joint  (Fig.  1)  or  joint  to  joint  covered  with  rubber.  (Fig.  1).  The  oxygen  passes  into  the  first  part 
of  the  tube  through  an  80  mm  long  quartz  capillary  fused  internally  and  bent  toward  the  wall.  This  capillary  is  a 
continuation  of  the  outlet  which  connects  the  tube  with  the  oxygen  purifying  system.  The  tube  itself  is  wider  than 
the  usual  tubes  and  it  constricted  toward  the  point  at  which  it  is  connected  to  the  second  part.  The  second  part  of 
the  tube  is  straight,  it  200*280  mm  long  and  has  an  internal  diameter  of  7  mm.  The  end  of  the  tube  it  drawn  out  aa 
usual  and  it  connected  to  the  absorption  apparatus.  A  3*10  mg  aliquot  conuined  in  a  boat  or  in  a  quartz  capillary  la 
placed  in  the  sealed  end  of  the  tube,  which  acts  as  a  semisealed  decomposition  zone  (the  open  end  of  the  capillary 
containing  an  aliquot  should  reach  the  bottom  of  the  tube).  An  electric  oven  70*110  mm  long  (oxidation  zone)  heated 
to  950*  is  fitted  on  the  second  part  of  the  tube.  Both  parts  of  the  tube  are  connected  and  combustion  comnKneed. 
Combustion  is  carried  out  with  two  burners.  One  (the  sutionary  one;  burner  is  fixed  at  the  point  at  which  the  oxygen 
enters  the  apparatus,  while  the  second  (the  movable  one)  burner  is  moved  away  from  the  first  toward  the  sealed  end 
of  the  tube.  The  material  flashes  and  burns.  Combustion  takes  2*3  min.  Very  rarely,  only  In  the  case  of  material! 


Fig.  1.  Tube  for  highspeed  combustion  with  a  ground 
joint  (above)  and  rubber  fitting  (below).  1)  First 
part  of  the  tube  from  the  test  tube  I  =  130  mm,  d  » 
15*17  mm;  2)  second  part  of  the  tube  I  =  160  mm, 
d  *  5  mm;  3)  outlet  (I  *  80  mm,  d  =  2  mm),  along 
which  the  oxygen  passes;  4)  sample  aliquot;  5)  de* 
composition  zone;  6)  oxidation  zone;  7)  burner;  8) 
oveo(I  =  110  mm)  at  950*;  9)  end  of  tube  to  which 
die  absorption  apparatus  is  connected;  10)  outlet 
(I  s  60  mm,  d  =  2  mm)  which  is  connected  to  the 
oxygen  supply  system. 
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Table  2 


Tc»t 

material 

.  1 

a  % 

Found 

Calculated  | 

Difference 

Found  1 

Calculated  | 

Difference 

I 

8B.50 

86,66 

0,16 

13,36 

13,33 

+0.03 

86,84 

—0,02 

13,34 

+0,01 

II 

71,16 

71,02 

+0,14 

7,91 

7,95 

^,04 

71,23 

+  0,21 

7,93 

-0,02 

III 

78,13 

78,23 

—0,10 

6,96 

6.88 

+0.08 

78,12 

—0,11 

8,90 

-0.02 

IV 

59,85 

39,57 

+0,28 

6,57 

6.43 

+0,15 

59,87 

+0,30 

6,54 

+0.11 

V 

58,05 

58,17 

-0,12 

5,78 

5,49 

—0.29 

58,08 

—0,11 

5,76 

—0,27 

VI 

52,56 

52,74 

-0,18 

5,55 

5.53 

+0,02 

52,60 

—0,14 

5,63 

+0.10 

VII 

77,93 

78,01 

—0,08 

9,08 

9,00 

+0.08 

78,13 

+0,12 

9,13 

+0.13 

VIII 

70,96 

71,02 

—0,06 

7,94 

7,95 

—0,01 

70,94 

— 0,t«  1 

7,86 

—0.09 

IX 

84,92 

84,87 

+  0,05 

14,92 

15,13 

-0,21 

84,98 

+0,11 

15,00 

—0,13 

X 

65,86 

65,91 

—0,05 

7,74 

7.74 

0,00 

65,87 

—0,04 

7,82 

+0.08 

XI 

57,12 

57,13 

-0,01 

6,07 

6,16 

-0,09 

57,10 

93,68 

+0,05 

6,26 

+0,10 

xn 

93,72 

+0,04 

6,32 

6,32 

0,00 

93,60 

—0,08  j 

6,42 

+0,10 

CH, 

<! 


1  Xnhch/*- 

/  ^COh 


Napbthaiene 

CmH. 


ci: 


CONHCHfOOOCH* 


XI 


XII 
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which  am  difficult  to  bum,  U  it  ncceuary  after  2  min  to  move  the  bu;ner  away  for  1-2  min iii  order  to  let  in  afresh 
lot  of  oxygen  into  the  decomposition  zone;  this  operation  is  repeated  after  heating  for  2-3  nm.  Combustion  proceeds 
so  rapidly  that  in  practice  there  it  no  need  for  supervision.  250-300  ml  of  oxygen  it  used  fo-  clearing  out  the  com¬ 
bustion  products,  i.e.,only  7-10  min.  Thus  the  longest  part  of  the  analysis  it  die  vreighing  iperation.  Twelve  carbon 
and  hydrogen  determinations  can  be  carried  out  in  a  six-hoia  working  day. 

Table  2  contains  results  for  tome  compounds. 

SUMMARY 

Emphasis  is  laid  on  the  imporunce  of  the  semisealed  decomposition  zone  for  quantitalve  decomposition  of 
organic  compounds  in  a  gas  stream,  it  has  been  shown  that  the  time  required  for  complete  tecomposition  of  a  sam¬ 
ple  of  test  material  is  shorter,  the  larger  the  size  of  the  decomposition  zone.  A  new  methotlfor  the  combustion  of 
organic  compounds  hat  been  developed  for  the  microdetermination  of  C  and  H.  When  this  exdinique  it  used  decom¬ 
position  in  a  large  semisealed  zone  it  complete  within  2-3  min  and  does  not  require  tupervidon  on  the  part  of  the 
arulytt.  The  accuracy  of  the  method  is  a  0.3^. 
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Various  micromethods  have  been  published  foe  the  determination  of  fluroine  in  fluoroorganlc  compounds  [I-IS), 
Schoalgei*t  simple  and  rapid  iTiethod  [16]  suited  our  purpose  best.  We  canied  out  combustion  of  fluoroorganlc  com* 
pounds  in  a  closed  flask  filled  with  oxygen  (diagram),  tfie  gaseous  products  formed  being  absorbed  with  twice-distiUed 
water.  Instead  of  titrating  with  cerium  chloride  in  the  presence  of  murexide,  we  determined  fluoride  Ions  by  direct 
tiuation  with  thorium  nitrate.using  sodium  alizarinsulfonate  as  indicator.  The  normality  of  the  Th  (NO,)4  wu  deter¬ 
mined  by  means  of  pure  fluoraceumide;  this  technique  eliminates  the  necessity  of  applying  a  correction  diiing  de¬ 
termination  of  the  fluorine  content  (only  a  blank  test  is  carried  out).  The  titration  is  canied  out  In  the  same  flask  as 
that  used  for  combustion.  The  results  given  in  Table  1  show  that  the  error  does  not  exceed  a  0.3%. 

The  percentage  content  of  fluorine  in  polymeric  compounds  wu  determined  by 
two  methods. 

1.  By  the  method  suggested  by  Carman  et  al  [14]  for  the  simultaneous  deter¬ 
mination  of  carbon,  hydrogen,  and  fluorine,  in  which  the  magnesium  fluoride  Is  subse¬ 
quently  pyrohydrolyzed  and  a  calibration  curve  is  used|  all  the  corrections  recommend¬ 
ed  by  the  auti.or  were  applied. 

2.  By  the  method  suggested  above,  which  does  not  involve  the  use  of  a  calibra¬ 
tion  curve,  and  only  a  blank  it  taken  into  account. 

For  fluorine  contents  leu  than  60%  solution  being  titrated  wu  diluted  with 
water  to  a  constant  volume  of  50  ml;  for  higher  fluorine  contents  the  volume  wu  made 
up  to  100  mL  3-7  mg  aliquots  were  used. 

In  the  case  of  high  fluorine  contents,  and  in  the  absence  of  hydrogen  in  the 
fluoroorganlc  compound,  a  sm.all  amount  of  pure  puafHn  (about  3-5  mg)  wu  added 
to  the  test  aliquot  before  combusion  in  order  to  ens'ue  complete  decomposition.  12- 
16  determinations  can  be  canied  out  in  a  6  hr  working  day. 

Determination  of  Fluorine.  An  aliquot  of  fluoroorganic  compount  (3-7  mg)  wu  wrapped  up  in  filter  paper 
and  ignited  in  a  platinum  grid  in  a  250  ml  flask  with  a  standard  ground  Joint  (see  diagram).  Ten  ml  of  twice-dis¬ 
tilled  water  had  been  introduced  into  the  fluk  beforehand.  The  contents  of  the  fluk  were  shaken  for  3-5  min  until 
the  vapour  cloud  had  disappeared.  The  experimental  technique  hu  been  described  earlier  [17],  The  flask  wu  opeied 
and  the  volume  of  liquid  made  up  to  50  mL  0  6  ml  of  1%  alizarin  red  S  was  added.  The  solution  wu  neutralized 
with  0.1  N  NaOH  until  the  solution  had  a  red  color;  1-2  drops  of  0.025  N  HNOj  was  then  added  until  a  yellow  colored 
developed.  In  order  to  establish  the  requisite  pH  (2.9-3.00)  3.5  ml  of  buffer  mixture  (1  N  Cl^ClCOOH'f  1  N  NaOH; 
1:1)  was  added.  The  whole  sample  was  titrated  in  the  same  fluk  with  0.025  N  Th  (NOj)^.  The  volume  of  Th  (NO|)4 
used  up  for  titrating  the  blank  (about  0.04  ml)  wu  subtracted  from  the  volume  of  titrant  used  for  titrating  the  sample. 
The  blank  wu  carried  out  under  the  same  conditions  but  without  a  umple. 

The  normality  of  the  Th  (NO|)4  solution  wu  established  by  means  of  aliquoa  (3-5  mg)  of  pure  fluoroaceumide 
dried  to  consunt  weight  at  55-60*. 
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Table  1 


Test  Material 


Sample  Fluorine  content 
wt.rng  Found  1  CaL 


Difference 


Fluoroacetamide  CtH4FNO 

3,670 

24.571 

3,925 

24.54/ 

Ber.zoui fluoride  C7H^F| 

2,595 

38.991 

3,220 

38,88/ 

Mono-fl-trifluoroethylamldcmaleic  acid** 

5,155 

28,621 

CfH^FjNOg 

5,915 

28,81/ 

Mono-0 -uifluoroethylamidecitraconic  acid^ 

2,875 

26,741 

C7H,F,N0, 

3,000 

27.00/ 

Fluoroamylmethacryclate  ofC7H|F|(\ 

4,107 

.50,741 

6,258 

50,72/ 

2,4-Dinlttophenylhydrazooc-l,l,l-uifluoroace- 

5,675 

19.211 

tone  C7H7F|N/>4 

7,320 

19,33/ 

Trifluoromethylphenylmethacrylamide 

2,660 

24.871 

CuHj^FjNO 

2,710 

24.95/ 

Tenoyluifluoroacetone  CgH^F/^S 

6.185 

2.5,531 

4,995 

25.44/ 

Mixture  of  fluoroacetamide  and  tetrachlorophtha" 

2,840 

lie  anhydride  C,H4FNO  ♦ 

+4,110 

24,821 

4-3.410 

1 

3.715 

24,90/ 

Mixture  of  fluoroacetamide  and  thiocyanochloro' 

.  3.3501 

24,60 

CjH^FNO  ♦  C7H/:ins 

+3,680/ 

Mixture  of  tenoyluifluoroacetone  and  teuachloro- 

3,7951 

phthalic  anhydride  C|H|F/^S  • 

+3,860/ 

4,580 

25.381 

25,47/ 

+3.365 

24,66 

39,01 

28,92 

27,00 

50.64 
19,50 
24,87 

25.65 

24.66 
24,66 


25,65 


—0,09 

-0,12 

—0,02 

-0,13 

—0,30 

—0,11 

—0.26 

±0,00 

+0,10 

^0,08 

-0,29 


-0,17 

±0.00 

+0.08 

—0.12 

-0,21 

+0.16 

0,24 


-0,06 


-0,27 

-0,18 


•  These  samples  wefe  synthesized  by  T.  V.  Sheremetova,  Z,  V,  Borisova,  and  V,  V, 
Kudryavtsev. 


Table  2 


Test  Material 

F  found,  % 

By  pyrobydrol- 
ysis  with  MgO 

By  combustion 
in  a  flask 

Polytettafluorcihyl* 

75.98^ 

76.08 

ene  (-CjF4  )** 

75.74 

Polymer  !•  • 

8.83 

8.87 

8.77 

9.09 

Polymer  2 

10.61 

10.48 

10.33 

Polymer  3 

19.73 

19.61 

19.74 

19.83 

Polymer  4 

33.38 

33.21 

33.26 

33.30 

•  The  theoretical  fluorine  content  is  givec  for  Teflon 

•  •These  polymers  were  synthesized  at  the  Institute  of 
High  Molecular  Weight  Compounds.  Academy  of  Sciences, 
USSR. 


SUMMARY 

A  rapid  micromethod  is  suggested  for  the  deter* 
mination  of  fluorine  in  monomeric  and  polymeric  flu* 
oroorganic  compounds.  The  determination  is  carried 
out  by  combustion  of  an  aliquot  of  test  material  in  e 
flask  filled  with  oxygen,  followed  by  absorption  of  the 
combustion  products  with  twice-distilled  water,  and  ti* 
nation  of  hydrofluoric  acid  widr  0.025  N  Th(NO|)4,using 
alizarin  red  8. 

A  small  amount  of  pure  paraffin  (3-S  mg)  is  add* 
ed  to  fluoroorganic  compounds  which  do  not  contain 
hydrogen  in  order  to  ensure  their  complete  decompos* 
itioo. 

The  method  is  rapid,  the  apparatus  is  simple,  and 
there  is  no  need  to  transfer  the  absorption  liquid  into 
another  vessel.  Nitrogen,  sulfur,  and  chlorine  do  not 
interfere  with  the  determination.  The  experimental 
error  is  i0.3%,Onedetermitutiooukes20-2S  min. 
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SIMULTANEOUS  DETERMINATION  OF  FLUORINE.  SILICON, 

AND  CHLORINE  IN  SI  LlCOORG  A  NIC  COMPOUNDS  CONTAINING 
FLOURINE  AND  CHLORINE 


E.  A.  Be ndarevf kaya .  V.  M.  Kuznetsova,  and  S.  V.  Syavtsillo 
Translated  front  Zhurnal  Analiticbeskoi  Khimii.  VoL  16,  No.  4, 
pp  472-476,  July-August.  1961 
Original  Article  submitted  June  14,  I960 

Series  of  articles  are  being  published  at  present  on  the  development  of  methods  for  the  determination  of  fluo¬ 
rine  [1-7],  the  simuluneous  determination  of  carbon  and  fluorine  (8,9],  simultaneous  determination  of  carbon,  hydro¬ 
gen.  and  fluorine  [10-15],  fluorine  and  ninogen  [16],  and  silicon  [17]  in  compounds  of  the  type  H(CF/:F|)xSIC1«. 
There  are 'no  published  methods  on  the  simuluneous  determination  of  silicon,  chlorine,  and  fluorine  in  fluorochloro- 
sllicoorganic  compounds. 

Table  1 


Test  Material 

Sample 

wL.mg 

Found  ^ 

Deviation  from  the 

1  theoretical  value  % 

P 

Si 

r 

SI 

jcf/:h/:h,>,si(oc,h,v 

Calculated  40.6%  F;  7.9%  SI 
CFdCH,CH,(CH,)SifCX:^H,),* 
Calculated  24,8%  F;  12,2%  Si 
F,C,H,(CH,)Si/OC,H,), 

Calculated  15.4%  F;  11,4%  Si 
FC,H,(CH0Si(OC,H,), 

Calculated  8,3%  F;  12.3%  SI 

•  A.L.  Klcbanskil  prepared  the  pure  i 

25,684 

20,901 

35,433 

20.001 

15.018 

18,990 

31,221 

i8.426 

naterials  ^ 

39,7 

39.9 
24,5 

24.9 

15.9 
15.1 

8.2 

7.9 

irhith  he  1 

7.5 
7.8 

12,6 

12,1 

11.6 

11,9 

12,8 

12.5 

ctndly  gay 

-0.9 

-0,7 

-0,3 

+0.1 

+0.5 

-0,3 

—0,1 

—0.4 

e  ns  to 

-«.4 

—0,1 

—0,1 

+0.2 

+0.5 

+0.5 

+0.2 

develc^  die  ipetI<od. 


Table  2 


Test  Material 

Sample 

wt.,mg 

Found  ^ 

Deviation  from  die 
theoretical  value,^ 

1 

**  1 

P 

SI 

Poljrmer  i 

44,310 

23,0 

20,9 

+0,4 

+0.1 

Calculated  22.6%  F;  20,8%  SI 

50,080 

22,8 

21,4 

+0.2 

+0,5 

Polymer  2 

40,349 

35,9 

17.7 

+0,5 

—0,2 

Calculated  36,5%  F;  17,9%  SI 

56..384 

36,7 

17.4 

+0.2 

-0.5 

Polymer  fit  3 

28,911 

22.2 

14.8 

+0.4 

+0.5 

Calculated  21,8%  F;  14,3%  SI 

47,876 

22,4 

14,7 

+0.6 

+0,4 

During  a  study  of  a  method  for  determining  fluorine  In  organic  compounds  [1]  which  Is  applicable  to  fluorlne- 
coouining  siUcoorganic  materials,  we  esublished  that  It  is  possible  to  determine  fluorine,  chlorine,  and  silicon  sim- 
uluneously. 

Essentially,  the  cited  nxthod  of  determining  Huarine  [1]  coralsts  in  fusing  an  aliquot  of  the  fluoroorganic  com¬ 
pound  with  pousslum  meul  in  a  steel  bomb  at  800-850*  for  10-15  min.  The  melt  obuined  is  dissolved  in  water,  and 
fluoride  is  determined  in  an  aliquot  of  the  solution  by  tination  with  thorium  nitrate.  The  authors  have  examined  the 
possibility  of  determining  fluorine  in  the  presence  of  chlorine,  sulfur,  niuogen,  and  phosphorus. 


Table  3 


Test  Material 

Sample 

wL.mg 

Decomposed  for 
hour  at  1000* 

Bi 

kb 

BK 

SI 

(CH,)(C,H,F,),SK:I 

30,355 

18,1 

9.7 

32,046 

19,4 

10.0 

Calculated25,0%  F;  9.5%  Si 

31,848 

17,5 

10.2 

29,001 

18,8 

9.9 

Polymer  M  4 

38,222 

16,4 

14,8 

40,08i 

16,0 

14,6 

CalcuUted23,0*«  F;  14,6%  Si 

25,016 

17,0 

14.7 

39.495 

16,6 

14.9 

Tabk4 


Test  Material 

Sample 

wL.mg 

Decomp,  in  ox 

ygen  atmosphere 

45  min 

P 

Si 

F 

SI 

(CH  J  (C,H,F^iCI 

39,392 

19,2 

10.1 

37,455 

19,9 

10.1 

Cak:uUted25,0%  F;  9,5%  Si 

41.040 

25,4 

10.1 

23,0CX) 

25,4' 

9.8 

Polymer  M  4 

27,961 

16,8 

14.7 

29,351 

16.5 

14.4 

Calculated23.0%  F;  14,6%  Si 

28,031 

23,3 

14,5 

32,466 

22,9 

14.7 

(F^HJ,(CH,)Si(OC,H,) 

28,606 

24.7 

8.3 

Calculated  24,2%  F;  8,9%  Si 

20.333 

24.1 

8.0 

Silicon  can  be  deteimlned  tiiriineuically  by  the  hydroxyqulnoline  and  acidimetric  methods.  The  first  method, 
which  is  based  on  formation  of  a  sparingly  soluble  silicomolybdste  hydroxyqulnoline  complex  [18'20],  has  not  found 
wide  application.  Stobba  [21]  was  the  first  to  suggest  the  acidimeaic  method,  and  it  was  subsequently  improved  and 
modified  by  many  wcxkers  [22-27],  The  simplest  and  most  reliable  variant  of  this  method  is  based  on  formatioa  of 
ammonium  silicoflucrosilicate  in  the  presence  of  hydrochloric  acid.  The  silicon  content  is  determined  from  the 
amount  of  hydrochloric  acid  which  participates  in  the  reaction,  i.e,,the  determination  reduces  to  titration  of  excess 
acid  with  alkaU  [27].  Si(OH)4  ♦  6NH4F  ♦  4IK:i  =  (NH4)2SlF4.t.4H/:i  4  4H20.  In  order  to  avoid  side  reactions  of  flu¬ 
orine  with  glass,  and  abo  of  glass  with  alkali,  we  used  gelatin  capsules  or  polyethylene  ampoules  for  holding  the 
Mmpks.  We  made  the  latter  from  polyethylene  tubing  of  suitable  diameter. 

The  method  was  developed  using  individual  monomeric  silicofluoroorganic  compounds,  whose  carbon  and  hy¬ 
drogen  contents,  refractive  index,  specific  gravity,  and  molecular  refraction  corresponded  to  those  of  the  chemically 
pure  materials  • . 

The  experimental  results  obtained  showed  that  the  time  required  to  decompose  some  siUcoorganic  compounds 
conuining  fluorine  is  45  min  at  900-950*.  The  color  change  at  the  end  point  was  not  clearly  defined  on  titrating 
with  0.01  N  KOH,  and  variable  results  were  obtained  for  silicon,  mainly  results  on  the  low  side.  Accordingly,  in  our 
subsequent  experiments  we  determined  silicon  by  titrating  the  acid  with  0.1  N  alkali  solution. 

Table  1  contains  the  results  obtained  during  simultaneous  determination  of  F  and  Si  in  individual  monomeric 
silicofluoroorganic  comoounds  conuining  one  or  two  fluorine  atoms  on  one  phenyl  or  alkyl  radical. 

Analysis  of  pure  polymeric  siUcoorganic  compounds  conuining  fluorine  in  the  aliphatic  radicaU  showed  that 
it  should  be  possible  to  determine  fluorine  and  silicon  simuluneously  in  these  compounds  with  reasonable  accuracy 
(Table  2). 

•KTT Grinevich  nude  the  chemically  pure  materiab,which  he  kindly  gave  us  to  develop  the  method. 
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Table  6 


Test  Material 

Sample 
wt.  mg 

Found  % 

Deviation  from  the 
|theoretical  value  % 

P 

SI 

a 

r 

SI 

a 

(C,H,)  (CH,)  (C.HJ^,)SlCI 

Calculated  17,1%  F;  12,6*;  Si;  16,1% 

26,843 

16,9 

12.6 

15.7 

-0.2 

0 

-0,4 

a 

27,496 

17.0 

12.6 

15.9 

-0.1 

0 

-0,2 

(F/:,H,)  (CH,)SICI, 

Calculated  17,0%  F;  12,5%  Si; 

42.659 

17,5 

13.2 

30,9 

+0,5 

+0,6 

0 

30.9%  Cl 

26,688 

17.4 

12.9 

30.8 

+0.4 

+0.4 

-0.4 

(CH,)Sici, 

Calculated  9,1%  F;  13,6%  Si; 

19,173 

9.5 

13.S 

34.1 

+0.4 

-O.i 

+0.i 

34,0%  Cl 

12,286 

9.2 

13.2 

33.9 

+0^1 

-0.4 

-O.I 

(CF,CH,CH,),SIC1, 

Cak:ulaicd38.9%  F;  9,0«;  SI;  24,2%CI 

35,117 

39,2 

8.9 

24,2 

+0.3 

-0.1 

0 

35,712 

39.0 

8.7 

24.4 

+0.1 

1-0.31+0,2 

During  analysis  of  monomeric  compounds  containing  two  fluorinated  phenyl  radicals  on  the  silicon  atom,  and 
also  during  analysis  of  polymeric  compounds  with  fluorinated  phenyl  radicals,  it  was  observed  that  the  radicals  were 
split  off  and  that  they  were  incompletely  decomposed;  accordingly,  die  silicon  was  determined  n<tantitatively,  while 
the  fluorine  was  not  completely  determined  (Table  3). 

These  results  can  be  explained  by  the  values  of  the  energy  of  the  chemical  bonds  C  —  F,  and  C  —  Si  (28).  In 
the  first  instance  the  energy  is  104  kcal/mole,  while  in  the  second  instance  it  is  only  58  kcal/mole. 

By  fusing  test  material  with  potassium  metal  in  an  oxygen  filled  bomb  for  60  min  at  1000*  we  were  able  to 
destroy  the  fluorinated  radicals  completely.  It  is  obvious  that  not  only  reducing  but  also,  to  some  extent,  oxidising 
reactiom  occur  during  this  process. 

Results  of  the  determination  of  fluorine  and  silicon  contents  are  given  in  Table  4.  Chlorine  can  be  determined 
at  the  sarrre  time  as  fluorine  and  silicon,  a  thiocyanate  titration  being  used  for  diis  purpose  (Table  5X 

Experimental  Procedure.  A  20-40  mg  aliquot  of  test  material  contained  in  polyediylene  ampoules  or  gelatin 
capsules  is  placed  in  a  meul  bomb,  and  fused  with  4-5  times  its  amount  of  potassium  metaU  The  fusion  time  and 
the  terrpcrature  chosen  depend  on  the  nature  of  the  test  materiaL  When  the  test  material  contains  one  fluorinated 
phenyl  radical  <r  fluorinated  alkyl  radicals  on  the  silicon  atom,  fusion  is  carried  out  at  000-950*  for  40-45  min.  When 
two  or  more  fluorinated  phenyl  radicals  are  present  on  the  silicon  atom,  fusion  time  it  increased  to  60  min,  and  the 
temperature  increased  to  1000*.  In  the  latter  instance  the  bomb  is  swept  with  oxygen  for  2-3  min  before  an  analysis. 
After  fusion,  and  after  the  bomb  has  been  cooled,  the  latter  is  opened  and  exceu  pouuium  metal  carefully  removed 
by  addition  of  water;  the  contents  of  the  bomb  are  then  quantitatively  transferred  to  a  200  ml  standard  flask.  Fluorine, 
chlorine,  and  silicon  are  then  determined  by  separate  titration  of  aliquots  of  this  soludon. 

Fluorine  is  determined  by  the  method  described  in  (1).  Chlorine  is  determined  by  a  thiocyanate  titration  (29). 

Silicon  Determination.  Twenty-five  ml  of  the  solution  it  transferred  to  a  titration  flask,  5-6  drops  of  indicator* 
it  added,  and  the  solution  neutralized  first  with  HCl  (1:1)  and  (1:10)  until  it  hu  a  weakly  acid  reaction,  and  then 
neutralized  accurately  with  0.1  N  alkali.  During  this  stage  the  toul  volume  of  solution  should  not  exceed  50  mL 
The  solution  is  next  saturated  with  potassium  chloride  (30-50  mg),  and  again  accurately  neutralized  with  0.1  N  alka* 
li  solution  and  0.1  N  acid  2  ml  of  a  neutral  solution  of  ammonium  fluoride**  Is  added  followed  by  10  ml  of  0.1  N 

•  The  indicator  is  prepared  by  mixing  the  following  two  solutions:  a)  0.1<^  alcoholic  solution  of  methyl  red;  b)  to 
100  ml  of  an  aqueous  solution  of  bromocresol  green  is  added  0.5  ml  of  0.1  N  NaOH.  Six  parts  of  solutlon(a)  is  mixed 
with  five  parts  of  solution(b). 

**40  ml  of  25^  ammonia  is  mixed  with  25  ml  of  40<^  hydrofluoric  acid.  This  mixture  is  then  diluted  to  one  liter 
with  water,  and  after  a  rough  neutralization,  neutralized  accurately  using  an  indicator.  The  acidity  of  the  solutioo 
prepared  is  checked  daily  before  use.  For  this  purpose  20  ml  of  0.1  N  HCl  and  10  ml  of  NH4F  are  titrated  with  0.1  N 
KOH.  If  the  amount  of  alkali  differs  from  the  amount  of  the  latter  used  in  titrating  the  pure  acid,  then  the  fluroide 
solution  should  be  neutralized  again. 
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hydrochloric  acid,and  exceu  acid  titrated  rapidly  with  alkali.  The  color  change  at  the  end  point  U  ftom  red  to 
green.  The  lilicon  content  ii  calculated  by  meant  of  the  formula: 


^  (V~V.)^.0.7015.8-100 

a  • 

where  V  it  the  volume  of  0.1  N  alkali  used  in  titrating  20  ml  of  0.1  N  hydrochloric  acid  ml{  Vo  la  the  volume  ci 
0.1  N  alkali*  used  in  titrating  the  acid  which  hu  not  racted  during  formation  of  ammonium  tillcofluoride,  ml;  K 
is  the  correction  for  the  normality  of  the  0.1  N  alkali;  0.7015  is  t}«  amount  in  mg  of  silicon  corresponding  to  1  ml 
of  0.1  N  hydrochloric  acid;^  is  the  sample  weight;  8  it  the  dilution  factor. 

SUMMARY 

A  method  is  suggested  for  die  simuluneous  determination  of  fluorine,  silicon,  and  chlorine  in  tome  monomeric 
and  polymeric  tilicoorganic  compounds  conuining  fluorine  and  chlorine.  The  accuracy  of  the  method  it  0.2-0.5% 
absolute. 
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•  The  0.1  N  HCl  is  standardized  against  poussium  iodate  using  a  mixed  indicator.  The  0.1  N  KOH  is  tundardized 
against  the  0.1  N  HCl  using  the  tame  indicator. 
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In  recent  yean  2-methyl -5-vinylpyridlne  has  acquired  importance  at  a  monomer  in  die  prodoctioa  of  synthetic 
rubbers,  and  also  of  various  copolymer%including.e.g..copolymen  with  acrylonitrile  and  methyl  methacrylate  (11.S.  A. 
Patent  2688012,  Ref.  Zh.  Khim.  1956,  No.  41293)  etc.  Copolymerization  of  2-m ethyl -S-viuylpyridine  \<ith  styrene 
may  also  be  of  special  imporunce  in  ceruin  specific  cases.  The  oeceadty  of  determining  this  monomer  quantitative- 
.y.  particularly  during  a  study  of  its  polymerization  (or  copolymerization)  Mnedcs,  makes  it  essential  to  find  methods 
which  will  enable  changes  in  the  amount  of  this  compound  in  reactioe  mixtures  and  also  in  polymen  to  be  determined 
rapidly  and  objectively. 


Fig.  1.  Polarographlc  waves  of  methylvinyl- 
pyridine  in  a  supporting  elecuolyte  of  a  ut- 
urated  solution  of  (CI1))4N1  in  92^  CH|OH 
against  an  internal  anode  (  E  a  —  o.413  v).  1) 
Supporting  electrolyte:  2)  0.034  goiter;  3) 
0.096  g/llter;  4)  0.124  goiter;  5)  0.151  g/ 
liter. 


Fi^  2.  Calibraticn  curve  for  methyl- 
vh^lpyridine  in  a  supporting  electro¬ 
lyte  of  (CH,)4NI  in  92^  CH,OH. 


The  authors*  experience  in  recent  years  has  convioced 
them  that  the  polarogyaphlc  method  is  of  definite  importance 
papen  have  been  publidied  which  have  been  devoted 
[1-5],  we  bare  not  seen  any  publidied  information  on 


for  solving  such  problems.  Although  a  considerable  number  of 
to  polarographlc  studies  of  pyridine  and  some  of  its  derivatives 
the  polarographlc  behavior  of  methylvinylpyridine. 

In  this  connection  we  have  carried  out  a  detailed  study  of  the  polarographlc  activity  of  this  compound,  and  oa 
the  basis  of  the  results  obtained  we  have  developed  methods  for  iu  qualitative  polarographlc  determination. 

Experimental  Procedure.  Pblarographic  measuremenu  were  made  on  a  photorecording  M-103  polarograph.  ctslng 
a  dropping  mercury  elecuode  with  die  following  characteristics:  m  ■  2.354  mg/sec.  r  >  3.5  sec.  (at  £■(>).  In  sonw 
instances  we  also  used  a  Sommer  type  capillary  [6]  with  r  from  3  to  1.S  sec;  nevertheless  we  cannot  recommend  ibla 
type.because  its  dropping  period  it  not  stable  enough. 


vinylpyrldine  in  a  supporting  electrolyte 


Fig,  3.  Polarographic  wave  for  meihylvlnylpyrl-  of  a  buffer  solution  with  pH  6.45.  1) 

dine  in  a  supporting  electrolyte  of  a  buffer  solu-  Supporting  electrolyte;  2)  0.079  g/litec. 

tion  with  pH  5.85.  1)  Supporting  electrolyte;  2) 

0.307  g/ liter.  The  following  solutions  were  used  as  supporting  elec* 

trolyts:  (CH])4NI  in  92^  CH)CM  (uturated  solution);  0.05  N 
solution  of  (atjl^NI  in  25^  CH,OH;  a  mixture  of  0.05  N  and  (CHtXtNOH  in  2C^  CHpH.  Buffer  soltfions  with 

pH  from  4.7  to  12.2.  based  on  acetic  acid,  phosphoric  acid,  phnol.  and  tetramethylammonium  hydroxide  were  alao 
used. 

Analytical  grade  AlClj  *  6H|0  was  used  for  precipiuting  tie  polymer. 

Soluticjs  of  2-methyl  *5- vinylpyridine  in  methanol  with  cmcentrations  of  11.508, 1.1508,  and  2.2576  g/liter  were 
used  as  standard  solutions. 

The  2-methyl-5*viny!pyridlne.  which  was  synthesized  at  he  Taroslavskii  Technological  Institute,  was  distilled 
under  vacuum  in  a  niuogen  stream  and  had  the  following  conttant: 

d*  »  0.9564  g/cir^;  n**  1.5430, 

Solutions  were  polarographed  in  an  electrolyzer  widi  an  mcmal  anode,  and  also  with  an  external  anode**  a 
uturated  calomel  elecuode.  values  are  given  relative  to  tie  potential  of  the  saturated  calomel  electrode. 

Results.  Polarographic  waves  of  methylvinylpyridine  in  aupponing  electrolyte  of  a  uturated  solution  of 
in  92%CH|OH  are  shown  In  Fig.l.  Eiyg--2.08  v.  Waves  oi  nmhylvinylpyrldine  in  a  supporting  electrolyte  of 
0.05  KCHjVNI  In  255CH,OH  arc  simUar  In  character;  Ei/,*=-2.04  v. 


■Of  -a  (A  <4  A/f  *48 


TABLE  1.  Diffusion  Current  Constants 
for  Methylvlnylpyridioe  in  a  Supporting 
Electrolyte  of  (CH,)4NI  in  92%  CH,OH 


C. 

mM/liter 

Id. 

-  k 

mVjT*/ac 

0,285 

2,80 

5.24 

0,807 

7,885 

5,09 

1,045 

10,368 

5,18 

1.269 

12,513 

5,1S 

Pig.  5.  Polarographic  waveofmethylvinyl- 
pyridine  in  a  supporting  electrolyte  of  abuffer 
solution  with  pH  9.74.  l)Si9poning electro* 
lyte;2)  0.152  g/Uter. 
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TABLE  2.  Detenniiutioa  of  MethylvinylpyridlM 
in  Synthetic  Mixture! 


Monomer  in  the  polymer,*^  ] 

Error  (relative),1b 

Taken 

Found 

2.78 

2.68 

-9.6 

3.33 

3.40 

♦2.1 

11.31 

11.40 

♦0.64 

12.24 

12.80 

♦4.6 

13.14 

13.08 

-0.61 

14.09 

14.16 

♦0.66 

The  value  of  the  diffusion  cunent  of  methyl vinylpyri- 
dine  it  a  linear  function  of  its  coocenuation  (Fig.  2);  this  it 
alto  confirmed  by  ^e  connancy  of  the  diffusion  current  coni 

1). 


Fig.  6.  Folarographic  wave  of  methyl- 
vinylpyridine  in  a  supporting  electrolyte 
of  a  buffer  solution  with  pH  11.65.  1) 

Supporting  electrolyte:  2)  0.153  g/liter. 

at  different  concentrations  of  the  test  material  (Table 


During  a  study  of  the  effect  of  pH  on  the  polarographic  indices  of  2>methyl>5-vinylpyridine,  the  retulti  diown  in 
Figs.  3.  4,  5,  and  6  were  obtained.  In  the  course  of  this  work  it  was  establidied  that  one  wave  with  a  poorly  defined 
limiting  current  rone  is  observed  in  acid  solutions,  so  that  the  wave  height  cannot  be  measured  sufficiently  accurately. 

Staning  from  pH  6  a  poorly  defined  second  wave  appean  which  almost  coincides  with  the  wave  for  the  support¬ 
ing  electrolyte. 

At  pH  9.74  both  waves  become  fairly  clearly  distinguishable,  but  at  pH  11  they  fuse  together  to  give  one  wave 
with  a  well  defined  limiting  current  zone  suitable  for  polarographic  measurements  to  be  carried  out.  The  wave  hei^, 
as  the  diagram  shows,  also  varies  with  pH  changes. 

In  addition,  it  was  establidied  that  the  relationship  between  the  wave  height  of  2-methyl-5-vinylpyridine  and 
its  concentration  is  not  linear  in  acid,  neutral,  and  weakly  alkaline  solutions  up  to  pH  10.  An  appreciable  drop  in  die 
value  of  the  limiting  current  with  increasing  pH  was  observed.  Oa  the  odier  hand,  the  value  of  the  limiting  current 
under  these  coeditioos  does  not  depend  on  the  height  of  the  mercury  column. 


Waves  of  methylvinylpyridine  in  alkaline  buffer  solutions  with  pH  ^10  are  different  in  character.  At  these  values 
of  die  pH  of  the  supporting  electrolyte  proportional  to  the  concentration  of  die  test  monomer  and  tdianges 

linearly  as  a  function  of  /H. 

It  can  be  assumed  therefore  that  in  acid,  neuual,  and  weakly  alkaline  buffer  solutions  (|^  <10)  the  waves  are 
catalytic  in  nature  and  that  the  electrode  process  conesponding  to  them  can  be  expressed  by  the  following  schemes 
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In  alkiline  tolutiont  with  pH>10  reduction  of  2-methyl-S-vinylpyridine  U  diffusive  in  character  and  it  expressed 
by  the  following  scheme: 


CH,-CH 


+  2H/) 


CH,-CH 


Quantitative  Determination  of  2-Methyl-5-Vinylpyridine.  Quantitative  determination  of  2-methyl-5-vinylpyrl- 


dine  in  pure  solutions  does  not  present  any  difficulties  and  can  be  readily  carried  out  in  supporting  electrolytes  of  bid¬ 
der  solutions  with  pH  from  11  upward,  both  by  using  a  calibration  culve.  and  by  the  method  of  additions.  It  is  consid* 
erably  more  difficult  to  determine  this  monomer  in  polymethylvinylpyridine,  and  also  in  iu  copolymer  with  styrene. 

In  addition  to  being  soluble  in  such  solvents  at  benxene,  dioxane,  and 

M  A  ^ 

chlorinated  hydrocarbons,  triethylvinylpyridine  it  also  soluble  in  alcohols.  Meth* 

/  anol  cannot  therefore  be  used  at  a  precipitant  for  these  polymers  in  the  given 

^  intunce. 

j  Jl  When  polarogramt  were  taken  of  methylvinylpyridine  in  the  pretence  of 

- — ^  /  I  the  polymer  in  a  supporting  electrolyte  of  (CH])4NI  in  92^  CHjOH.  a  distorted 

^  ~ ^  ^  j  wave  was  obtained  for  methylvinylpyridine.  with  a  maximum  which  fused  with 

1  the  reduction  wave  of  the  supporting  electrolyte,  while  the  galvanometer  needle 

- - - 1  _ j  oscillated  violently. 

tp  ip  1.6  ip  ZP  In  1:4  ana  1:5  methattol-water  mixtures,  polymethylvinylpyridine  gives 

...  .  ,  a  stable  suspension,  the  particles  of  which  carry  a  positive  cliarge.  Salting  out 

Fig.  7.  Polarographic  waves  of  ,  .  ,  .  ® 

.  .  .  .  .  r  ,  of  the  polymer  proved  to  be  a  very  difficult  problem.  Centrifuging,  and  filier- 

me  y  vmy  pyr  througfi  a  fine  filter  (a  layer  of  A1|0|.  No.  3  and  No.  4  glass  filters)  only  led 

rtf  rrH  t  NT*!  nA  rm  ndh  partial  separation  of  the  polymer.  The  filtrate  obtained  under  these  conditions 

,  .  was  unsuitable  for  polarographic  purposes.  Addition  of  solutions  of  salts  with 

for  various  concentrations  of  .  .  j  .  ,  .  .  ^ 

ortjL  rMi  uix  mono-  and  divalent  anions,  and  also  of  acids  and  alkalis,  to  the  suspeasion, 

(OntM  NC^i  iQ  2U^  CHtOH  \fil*  -•  »•  i*  «  sr#*.* 

^  ,  ...  led  to  either  partial  or  complete  peptiratioo  of  the  polymer, 

uate  obtained  after  precipitation  ^  r  r  r  r  / 

of  the  polymer).  1)  Supporting  Finally,  separation  of  the  polymer  from  tolutiont  containing  the  monomer 

elcctrol)'te;  2)  0.072  g/liter;  was  achieved  by  coprecipitating  it  with  aluminum  hydroxide,  by  gradual  addition 

3)  0.072  g/liter  *  0,011  M  of  a  solution  of  tetrameihylammonium  hydroxide  to  an  aqueous  methanol  tus- 

(CH))4N0H.  pension  of  the  polymer  containing  an  aluminum  salt  in  the  presence  of  methyl 

red.  The  filtrate  obtained  after  removal  of  the  polymer  precipitated  widi  the 
aluminum  hydroxide  was  clear  and  suitable  for  polarographic  purposes. 

The  polarographic  wave  of  methylvinylpyridine  obuined  in  this  filtrate  as  a  supponing  electrolyte  was,  however, 
poorly  defined  (Fig.  7,  Curve  2),  because  the  pH  of  the  solution  being  polarographed  was  not  high  enough.  By  adding 
a  small  amount  of  (CH})4N0H  to  the  filtrate,  a  polarographic  wave  was  obtained  for  methylvinylpyridine  which  was 
suitable  for  measurement  (Fig.  7,  Curve  3). 

The  method  used  for  determining  methylvinylpyridine  in  its  polymer  and  in  its  copolymer  with  styrene  reduces 
to  the  following.  An  aliquot  of  polymer  or  copolymer  (about  0.3  g)  is  placed  in  a  2^  ml  standard  flask  and  is  dinolved 
in  5  ml  of  dioxane  (when  the  polymer  is  being  analyzed,  methanol  can  alto  be  used  for  dissolving  it).  After  the  sample 
hat  dissolved  completely  the  volume  is  made  up  to  the  mark  with  methanol.  Two  ml  of  the  solution  obtained  It  trant* 


Fig.  7.  Polarographic  waves  of 
methylvinylpyridine  in  a  sup¬ 
porting  electrolyte  of  a  mixture 
of  (CH,)4  NCI  and  (CH,)4  NOH 
for  various  concentrations  of 
(CH,)4  NOH  in  2C^  CH,OH  (fil- 
uate  obtained  after  precipitation 
of  the  polymer).  1)  Supporting 
clcctrol)'te;  2)  0.072  g/liter; 

3)  0.072  g/liter  4  0.011  M 
(CH,)4N0H. 

aluminum  hydroxide  was  clear  and 


fened  to  a  10  ml  utandard  Haik,  6  ml  of  water,  0.3  ml  of  1  N  A1C1|,  and  two  drops  of  methyl  red  are  added  and  0.4  N 
(CHiliNOH  then  added  in  tmil!  portions  until  the  color  of  the  indicator  changes  to  yellow.  The  volume  of  the  mixture 
is  made  up  to  the  mark  with  water  and  then  filtered  into  a  dry  vessel.  Three  ml  of  filtrate  is  transferred  to  the  electro¬ 
lyzer.  0.2>0.4  ml  of  0.4  N  (CH|)4NOH  is  added,  and  after  nitrogen  has  been  paued  dirough  the  solution,  polarpgrami 
are  taken.  The  methylvinylpyridine  content  it  determined  by  the  method  of  additions. 

It  it  clear  from  the  results  given  in  Table  2  that  there  it  no  appreciable  absorption  of  the  monomer  by  the  poly¬ 
mer. 

The  values  obtained  during  determination  of  methylvinylpyridine  in  the  same  umple  were:  2.46,  2.38,  2.56, 
2.57,  2.41,  2.59,  2.53,  2.45,  2.54,  2.50  g/liter. 

The  relative  experimental  error  was  determined  by  statistical  treatment  of  the  results  obtained,  using  the  formn- 
U 

erel.=  =-^-100%. 
jr  Vm 

where  n  it  the  number  of  determinations,  x  it  the  arithmetic  mean  of  n  determinations,  S  it  die  mean  square  error  of 
an  iixJividual  determination  calculated  by  the  usual  formula,  a  it  the  confidence  level  (reliability) (in  the  given  in¬ 
stance  a  =  0.95),  and  t^  it  a  multiplier  dependent  on  n  and  a  (tee  H])* 

The  relative  error  in  our  case  proved  to  be  2.l1k 

The  method  which  we  have  developed  for  the  quantitative  determination  of  2-methyl-5-vinylpyridine  hat  been 
used  for  studying  its  polymerization  kinetics. 

SUMMARY 

A  study  hat  been  made  of  the  polarographic  behavior  of  2*methyl*5*vinylpyridine  in  a  supporting  electrolyte  of 
(CH))4N1  in  methanol  and  aqueous  methanol  solutions,  and  alto  in  a  supporting  electrolyte  of  buffer  solutions  with  dif¬ 
ferent  pH  values. 

A  method  hat  been  developed  for  the  determination  of  methylvinylpyridine  in  its  polymers  and  in  iu  copolymer 
with  styrene.  It  it  based  on  separation  cf  *he  polymer  from  solutions  conuining  the  monomer,  by  coprecipitatiog  the 
former  with  Al(OH)t  and  taking  polarograms  of  the  filtrate  in  a  supporting  electrolyte  of  (CHs)4NOH. 
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A  POLAROGRAPHIC  STUDY  OP  TEREPHTHALIC  AND  PARA-TOLUIC 
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Development  of  polarographic  techniques  for  the  determination  of  terephthalic  acid,  paratoluic  acid,  mononitro- 
terephthalic  acid.  3-nitroparatoluic  acid,  dimethyl  terephthalate,  methyl  toluate,  and  dimethyl  nitroterephthalate  It 
of  considerable  interest  both  from  the  point  of  view  of  the  polarography  of  organic  compounds,  and  also  for  production 
control  of  the  intermediate  products  obtained  during  the  synthesis  of  fiben  of  the  lavun  type.  Of  these  compounds 
only  dimethyl  terephthalate  hat  been  examined  polarographically  [1-3].  A  study  has,  however,  been  made  of  the  po¬ 
larographic  behavior  of  dimethyl  terephthalate.  but  only  over  a  narrow  concentration  range.since  aqueous  solutions  were 
used.  No  success  has  been  achieved  in  obtaining  the  polarographic  characteristics  of  terephthalic  acid  (1,2). 

EXPERIMENTAL* 

Polarogramt  were  taken  on  an  "Orion*  (Hungarian)  electronic  polarograph.  The  cell  was  thermostatted  at  25s 
0.2*.  A  mercury  pool  was  used  at  anode.  The  half-wave  potentials  were  measured  relative  to  a  saturated  calomel 
elecuode  by  means  of  a  potentiometer.  Three  capillaries  with  the  following  diaracteristics  were  used  m*' V^*1.31*^* 
(I).  1.16  mg  tec.  (II),  and  0.89  mg'^^’setT^*  (III).  The  characteristics  were  establidied  by  disconnecting  the  circuit  in 
0.1  N  KCU  Oxygen  was  removed  by  means  of  nitrogen. 

Buffer  solutions  (pH  2-12)  prepared  according  to  Brinon-Robinsoo  were  uicd. 

Twice  disulled  methanol  was  used  in  a  series  of  experiment!. 

Terephthalic  Acid.  This  acid  was  prepared  by  saponifying  pure  dimethyl  terephthalate:  m.p.  141-142*.  ester 
number  103.  The  terephthalic  acid  obtained  distilled  at  a  temperature  >200*  [4]  and  had  an  acid  number  of  119.6. 

The  stock  solutions  of  terephthalic  acid  were  prepared  in  0.5  N  NaOH.followed  by  neutralization  with  using 

phenolphthalein  as  indicator. 

It  was  establidied  that  a  polarographic  wave  for  terephthalic  acid  could  be  obtained  in  a  si^porting  electrolytn 
of  a  buffer  solution  with  pH  4.1 -5.2.  In  order  to  get  more  clearly  defined  polarographic  waves  it  was  necessary  to  add 
—  by  analogy  with  the  conditions  used  for  polarographing  phthaiic  acid  [5]  —  0,05  M  CaCIs  (Fi^  1).  At  pH  <4.0  and 
pH  >5.  the  diffusion  current  constant  of  terephthalic  acid  decreases,  this  being  particularly  the  case  at  pH  <4.0  (Pig, 

2).  Formation  of  a  precipitate  of  terephthalic  acid  appears  to  be  the  reason  for  this  decrease  in  the  latter  instance. 
Precipitation  of  Ca)(P04))  makes  it  difficult  to  obtain  satisfactory  waves  at  pH >5. 

Thus  the  optimum  pH  range  for  analytical  purposes  it  4.4-4.8.  The  half-wave  potential  (E^^)  over  this  range. 
1.45-1.51  V  Jinearly  increases  with  increasing  pH. 

At  pH  4.6  the  value  of  Iq  is  proportional  to  C  over  the  range  0.1-5.0  mM/liter;  the  diffusion  current  constant 
i^  >  3.70  »  0.06  pa/mM/liter  (capillary  1).  The  relationiiip  between  ij)  and  C  it  not  linear  for  terephthalic  acid 
coocentratiotu  >5.0  mM/litet. 

Paratoluic  acid  does  not  give  a  polarographic  wave  in  this  supporting  electrolyte  and  does  not  interfere  with  de- 
*  Z,V.  Zaitseva  and  M.P.  Los*  took  part  in  the  experimental  work. 


Fig.  1.  Polarogram  of  terephthalic  acid  at  a  conceatratioa 
of  2  X  l(r^  1)  pH  4.1;  2)  pH  4.3;  3)  pH  4.6;  4)  pH  4,7; 
5)  pH  5.0;  6)  pH  5.2.  laitial  voltage  1.15  v. 


Fig.  2.  The  relation  between  die  diffn- 
tion  current  constant  of  terephthalic  acid 
and  the  pH  of  the  supporting  electrolyte. 

1)  1.65  X  l(r*M;  2)  1.85  X  KT^;  3) 

2.5  X  icr^ 

tertnination  of  terephthalic  acid. 

Nitrate,  when  present,  does  not  interfere  with 
the  polarographic  determination  of  terephthalic  acid 
either. 


The  polarographic  method  permits  terephthalic  acid  to  be  determined  in  the  piesence  of  paratoluic  acid  and  ni* 
trie  acid.  The  experimental  accuracy,  as  in  the  case  of  the  other  materials  considered  below,  is  not  lower  than 
(relative). 

Paratoluic  Acid.  This  acid  was  prepared  by  uponifying  methyl  paratoluate  (m.p.  >  32-33*.  ester  number  66.0). 
The  paratoluic  acid  has  a  m.p.  of  181-182*,  and  an  acid  number  of  73.8, 

Stock  solutions  of  paratoluic  acid  were  prepared  by  dissolving  the  acid  in  0.5  N  NaOH  and  then  neutralizing. 


In  a  buffering  solution,  as  described  above,  a  polarographic  wave  for  paratoluic  acid  could  noc  be  obtained. 

A  hydrogen  wave  with  E|^=  1.57-1.60  v  and  Iq  »  2.6  i  0.14  pa/mM/liter  (capillary  IH,  concentration  range 
0.1-2  mM/liter)  is  obtained  for  solutions  of  paratoluic  acid  in  a  si^porting  electrolyte  of  0.1  N  (CH|)4N1. 

In  order  to  determine  paratoluic  acid  we  studied  the  polarographic  behavior  of  its  niuration  product. 

It  was  established  that  at  low  concentrations,  paratoluic  acid,  even  at  room  temperature,  is  readily  nitrated  by 
niuic  acid  whore  concenuation  in  the  reaction  mixture  is  not  less  than  In  a  solution  with  a  concentration  of 
0.04  M,  paratoluic  acid  it  almost  completely  nitrated  after  only  five  minutes. 

A  comparison  of  the  p?larogram  of  a  solution  obtained  after  nitration  (with  subsequent  neutralization  by  KOH) 
with  a  polarogram  of  3-niuoparatoluic  acid  diowt  that  3-nitroparatoluic  acid  it  the  acid  formed  during  nitratkm. 

The  relationship  between  difl'usloo  current  and  paratoluic  acid  concentration  over  the  concentration  range  0.01- 
4.0  mM/liter,  at  pH  5.0,  it  linear. 

When  terephthalic  acid  solutions  are  nitrated  under  the  ume  conditions  a  polarographic  wave  it  not  obtained. 

It  it  possible  dierefore  to  determine  paratoluic  acid  polarographically  in  the  pretence  of  excess  terephthalic 

acid. 

Nitroterephthalic  Acid.  Nitroterephthalic  acid  was  prepared  by  nitrating  terepht^ '^lic  acid  with  a  mixture  of 
83%  HNO|  and  8%  oleum  (1:1)  at  60*  for  40  min.  The  product  obtained  was  freed  from  nitric  and  sulfuric  acid  with 
cold  water;  it  was  then  dissolved  in  hot  water  and  the  solution  filtered  on  a  hot  filtration  funnel. 

The  nitroterephthalic  acid  obtained  after  being  recrysullized  twice  had  a  m.p.  272-273*  and  an  acid  number 

In  contrast  to  terephthalic  acid,  it  was  not  necessary  to  convert  nitroterephthalic  acid  into  a  salt  in  order  to  dis¬ 
solve  it,  since  it  is  iuelf  sufficiently  soluble  in  water. 
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Fig.  4.  Polarograms  of  S-nitroparatoIulc  acid  at  C  ■  1  X  10~^.  1)  pH  2.2t 
2)  pH  3.1;  3)  pH  4.3;  4)  pH  7.4;  5)  pH  8.3;  6)  pH  9.2;  7)  pH  6.7,  Initial  vol- 
Ujic  «.03  V, 

Polarographic  waves  of  nitrotexcphthalic  acid  at  various  pH  values  of  a  buffer  supporting  electrolyte  (♦O.S  M 
KCl)  are  diown  in  Pig.  3.  The  nature  of  the  change  in  the  wave  with  the  pH  of  the  supporting  electrolyte  Is  similar 
to  that  which  was  observed  earlier  [6]  in  the  case  of  nltroterephthalic  acids. 

It  follows  from  Fig.  3  that  the  pH  range  of  greatest  interest  from  an  analytical  point  of  view  is  5,0>6.5,  over 
which  one  clearly  defined  polarographic  wave  is  obtained  which  has  a  diffusion  current  constant  whldi  U  independeitt 
of  pH,  and  a  half-wave  potential  E|/g  >  0.36-0.4S  v  which  lix:reases  with  increasing  pH. 

Tne  relation  between  1^  and  C  it  linear  at  pH  6.0;  the  diffusion  current  constant  Ij^  ■  8.2  s  0.1  pa/mMi^iter 
(capillary  I)  over  the  concentration  range  0.01-4.0  mM/iiter. 

Nltroterephthalic  acid  can  be  determined  polarographlcally  in  the  presence  of  a  large  excess  of  terephthalio 
acid;  this  is  very  important  for  production  purposes. 


Fig.  5.  PoUrogramt.  1)  Dimethyl  terephiha* 
late  in  a  tt^portlng  electrolyte  of  0.05  M(CHs)4 
NI  in  80^  CH,OH.  loidal  voltage  1.2  v;  2) 
methyl  paratoluate  in  a  supporting  electrolyte 
of  0.01  M  (CaHt)4NOH.  50^  CHjOH.  IniUal 
Toluge  1.7  V. 


3-Nitropafatolulc  Acid.  The  acid  was  synthesized  by  nl- 
ttating  paratoluic  acid  with  75^^  HNO|  at  115*  for  6  boun.  The 
suspension  obtained,  which  contained  3*nitroparatoluic  acid,  was 
filtered,  after  cooling,  through  glass  wool  and  the  crystals  wadied 
with  cold  water  to  free  them  from  nitric  acid,  the  washing  process 
being  controlled  by  means  of  congo  red. 

The  nitro  acid  obtained  was  recrystallized  twice  from  70lb 

HNCV 

After  purification  the  product  obtained  has  a  m.p.  of  189- 
190*  and  an  acid  number  of  55.1. 

Stock  solutions  of  3>nitroparatoluic  acid  were  prq>ared  by 
dissolving  the  niuo  acid  in  100^  methanol,  while  polarograros 
were  taken  in  20^  methanoL 

Polarograms  of  3-nitroparatoluic  acid  at  various  pH  values 
of  the  buffer  supporting  electrolyte  (♦0.5  M  KCL)  are  shown  in 
Fig.  4. 

One  clearly  defined  wave  whose  diffusion  current  constant 
is  independent  of  pH  it  observed  at  pH  4-8;  Ae  half-wave  po¬ 
tential  Ei/g  =  0.30-0.65  V.  it  Increases  linearly  with  increasing 
pH. 


The  relation  between  ij  and  C  it  linear.  The  dinuslon  current  constant  is  «  7.20  a  0.04  pa/mM/liter  (Capil¬ 
lary  1.  pH  4.4)  over  the  concentration  range  0.01-4.0  mM/liter. 

Dimethyl  Terephthalate.  Commercial  dimethyl  terephthalate  was  used  (m.p.  •  141-142.  ester  number  103). 

Stock  solutions  were  prepared  in  100^  methanol,  while  polarograms  were  taken  in  S(f%  CH|OH  in  a  supporting 
electrolyte  of  0.05  N  (CH})4NI. 


TABLE  1.  The  Relation  between  the  Limiting  Current  (i^  and  the  Height 
of  the  Mercury  Reservoir  (H) 


Test  material  | 

C^oncen-  | 
Lration, 

M 

"■“1 

_^4*|ia 

-^.fU«cm-*/t 

Vti 

Terephthalic  acid 

2.10-* 

33.6 

6,48 

1.12 

42.0 

7.22 

1.11 

49.2 

7,80 

1.11 

58.0 

8.62 

1,13 

Nitroterepbthalic  acid* 

i-io-* 

34.5 

7,50 

1.28 

42,0 

8.20 

1,27 

50.0 

9,30 

1,30 

58,0 

9,90 

1,30 

3-Nitroparatolulc  acid 

5.10-4 

34.5 

3,20 

0,546 

42,0 

3,55 

0,547 

50,0 

3,90 

0.54S 

58,0 

4,25 

0,560 

Dimethyl  terephthalate* 

2.i0-» 

34,5 

14,6 

2,50 

42,0 

16,4 

2,56 

i 

50,0 

18.0 

2,52 

58,0 

20,0 

2,62 

Nltrodlmethyl  terephthalate* 

1.10-* 

34,5 

6.40 

1,10 

42,0 

6,80 

lios 

50,0 

7,20 

i.ot 

1 

58,0 

7.80 

1,03 

*  First  wave. 
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Fig.  6.  Polarogrami  of  dimethyl  nitroterephthalate  at  a  concentratioo  of  1  X  lO^^M  at 
various  pH  values  of  the  supporting  electrolyte,  1)  pH  2.6;  2)  pH  3.6;  3)  pH  4.7;  4) 

'  pH  5.9;  5)  pH  6.4;  6)  pH  7.8;  7)  pH  11.7. 

We  found  that  the  wave  of  the  ester  is  not  clearly  defined  enough  in  acid  buffer  solutions. 

It  has  been  pointed  out  earlier  [2]  that  the  wave  height  in  a  supporting  electrolyte  of  (CH|)4Nft  In  20^  dlnxane 
it  higher  than  in  a  buffer  solution.  This  led  us  to  carry  out  a  detailed  investigation  of  the  polarographic  behavior  of 
dimethyl  terephthalate  in  methanolic  solution  in  a  supporting  electrolyte  of  (CHs)4NI. 

The  characteristics  of  the  polarogram  of  the  ester  are  shown  in  Fig.  6. 

The  firs:  wave  with  E,/t  =  1.58  v  is  of  analytical  interest.  The  height  of  this  wave  is  proportional  to  the  ooo<* 
centration  over  a  very  wide  range  (0.03-6.9  mM/liter).  The  diffusion  current  constant  »  8.2  k  0.1  pa/mMAitcr 
(Capillary  I). 

Methyl  Paratoluate.  The  methyl  paratoluate  used  had  a  m.p.  of  32-33',  and  an  ester  number  of  66.0. 

Stock  solutions  were  prepared  in  100^  CHtOH,  while  polarograms  were  taken  in  50^  CH|OH;  0.01  N  (C^t)|NOH 
served  as  the  supporting  electrolyte. 

The  characteristic  shape  of  the  polarogram  is  shown  in  Fig.  5.  The  wave  obtained  has  E|/|  ■  2.12  v.  The  re* 
lation  between  the  diffusion  current  and  concenuation  is  linear. 

The  diffusion  current  constant  Iq  =  2.9  i  0.1  pa/mM/liter  over  the  concentration  range  0.1-8.0  mMAiter  (Cap¬ 
illary  1). 

D*methyl  Nitroterephthalate.  The  ester  used  had  a  m.p.  75-76*  and  an  ester  number  of  83.4, 

Stock  solutions  of  dimethyl  nitroterephthalate  were  prepared  by  dissolving  the  nitro  ester  in  109^  CH|CM,  while 
polarograms  were  taken  in  40^  CHjOH. 

Characteristic  polarograms  obtained  at  various  pH  values  are  shown  in  Pig.  6. 

The  one  of  greatest  analytical  interest  is  the  first  wave  obtained  at  pH  3-7;  this  wave  has  a  diffusion  current 
constant  which  it  independent  of  pH  and  has  a  half-wave  potential  Eiyi  >  0.20-0.45  w. 

There  is  a  linear  relation  between  concentration  and  diffusion  current  at  pH  5.8  (Fig.  7)  over  the  whole  con¬ 
centration  range  examined  0.02-8.0  mM/liter;  the  diffusion  current  constant  1^  ^  6.1  s  0.1  pa/mMAiter  (Capillary 
0. 

In  conclusion  we  should  like  to  point  out  that  the  linear  relationship  between  the  limiting  current  and  the  square 
root  of  the  height  of  the  mercury  reservoir  observed  for  all  the  compounds  tested  (Table  1),  indicates  that  the  limiting 
cunent  has  a  diffusion  diaracter. 

SUMMARY 

A  polarographic  study  has  been  made  of  terephthalic  and  paraioluic  acids,  nltroterephthalic  And  2-nitroparatalaie 


acids,  dimethyl  terephthalate,  dimethyl  DitratticpfathaUte,  and  methyl  paratoluate.  With  the  exception  of  dimethyl 
tctephthalate  this  Is  the  first  time  that  Uiese  compounds  have  been  studied  polarogtaphically. 

All  the  test  compounds,  with  the  exception  of  paratoluic  acid,  are  electrolytically  reduced  under  certain  condl* 
tlons  on  a  dropping  mercury  electrode  to  give  clearly  defined  polarographlc  waves.  Paratoluic  acid  can  be  rapidly 
and  quantitatively  nitrated  to  give  polarographically  active  S^nitroparatolulc  acid. 

The  polarographlc  characteristics  of  the  compounds  mentioned  above  have  been  examined  in  aqueous  solutions, 
and,  in  some  cate,  in  water-methanol  tolutioat;  it  has  been  ettablldied  that  the  limiting  current  has  a  diffusion  char¬ 
acter. 
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Dobryanskii's  sulfuric  acid  method  [1]  and  modifications  of  this  method  [2]  can  be  used  for  the  determination  of 
large  amounts  of  isobutylene.  Small  amounu  of  isobutylene  are  determined  by  Denige's  method  [3-5],whlch  is  based 
on  the  formation  of  insoluble  complexes  of  tertiary  olefines  with  mercuric  sulfate  or  nitrate.  The  precipitate  which 
separates  out  is  filtered  off.  caiefully  washed  until  the  washings  give  a  negative  reaction  for  H^  ions  and  then  dried 
and  weighed  or  dissolved  in  concentrated  HNO|  for  subsequent  thiocyanate  titration  [6-9].  We  shall  call  the  method 
involving  dissolution  and  thiocyanate  titration  of  the  mercury  sulfate  complex  of  isobutylene  [8]  Method  A  for  diort, 
and  that  involving  the  mercury  nitrate  complex  [7]  Method  B.  Though  these  methods  are  accurate  enough  they  ate 
time-consuming. 

The  authors  of  the  present  article  have  developed  rapid  methods  (C  and  D)  based  on  precipitation  of  isobutylene 
with  a  known  excess  of  standard  solutions  of  HgS04  or  Hg(NOs)s  respectively,  dilution  of  the  mixtive  obtained  to  a 
known  volume  with  water  or  0.25  N  HNOj.  and  a  thiocyanate  titration  of  aliquots  of  die  supernatant  solution.  A  solu¬ 
tion  of  33  g  iIgS04  in  20^  H2SO4  [8]  is  used  as  the  reagent  in  m'lihod  C.  An  aqueous  solution  of  Hg(NO|)|  with  a  con¬ 
centration  of  77  g/liter  [7]  is  used  as  the  reagent  in  Mediod  D. 

EXPERIMENTAL 

The  isobutylene  used  for  preparing  synthetic  mixtures  was  obtained  by  dehydrating  trimethylcarbinol  in  the 
presence  of  the  sulfopoly styrene  cation  exchange  resin  KU-2  in  the  hydrogen  form;  0 -butylene  was  prepared  by  dehy¬ 
dration  of  secondary  butanol  with  sulfuric  acid  [9]  and  was  freed  from  isobutylene  which  might  be  present  as  an  im¬ 
purity  with  64^  sulfuric  acid.  On  the  assumption  that  the  a-  and  0 -isomers  behave  identically  in  die  test  reactions, 
we  shall  refer  to  them  in  future  as  n-butylene. 

A  sample  of  C4  hydrocarbon  fraction  was  obtained  from  the  absorption  gas  fractionation  plant  of  die  Novokulby- 
shevsk  Oil  Refinery  and  contained  about  12f^  iso-C4H|:  29.8^  n-C4Hi  (total  a-  and  0  -butylenes):  13.0^  of  iso-C4JIii: 
39.3^  n-C4Hii  and  small  amounts  of  C)  and  hydrocarbons  present  as  impurities.  The  figures  quoted  were  obtained 
by  Dobryanskii's  method  [1]  after  low  temperature  fractionation. 

Preliminary  experiments,  which  had  as  thei'  a**:i  the  establidiment  of  the  optimum  conditions  for  the  formation 
of  precipitates  of  the  complexes  of  iso-C4H|  with  mercury  salts,  were  carried  out  on  mixtures  of  pure  isobutylene  and 
air.  As  a  result  of  these  experiments  we  abandoned  the  technique  recommended  in  an  earlier  paper  [8]  of  prolonged 
formation  of  the  isobutylene  complex  with  mercuric  sulfate  in  the  cold,  and  established  that  formation  of  a  prec^i- 
ute  is  complete  in  10  min  at  50*. 

The  isobutylene  complex  with  Hg(NO|)|  is  best  formed  on  heating  the  test  samples  with  the  reagent  on  a  boiling 
water  bath  for  15  min.  When  the  isobutylene  concentration  of  test  mixtures  is  not  too  low,  the  precipitate  with  a 
stoichimetric  composition  which  is  formed  widt  the  Hg(NO|)|  solution  is  not  corrected  by  addition  of  HNO|  and  NaOH 
[6]:  the  pH  of  such  a  reagent  is  1.55  according  to  potentiometric  titrations. 

For  die  analysis  of  gas  mixtures  containing  2-20^  isobutylene,  5-50  mi  of  reagent  per  80  ml  of  test  gas  is  used 
in  method  D,  while  15  ml  of  reagent  per  20-200  ml  of  gas  is  used  in  method  C. 
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TABLE  1.  Detennlnatlon  of  Isobutylene  by  Methods  A  and  C 


Mixture 

No. 

— S~ 

•  0 

•>  w 

•0  m 

^  1 

0  s 

Z 

Composition  of 
the  mixtures 

Iso-C4Ht 
found. vol ^ 

Experimental  error 
(relative),  Ik 

Mean  deviation  of  a 
tingle  d^erminatioa 

Iso- 

C4H, 

n- 

C4H, 

Air 

Meth¬ 
od  C 

Meth¬ 
od  A 

Mediod 

C 

Method 

A 

Method 

C 

Method 

A 

i 

7 

2,00 

20,0 

78,0 

2,15 

1.9t 

-f7.5 

-2.0 

0.08 

0.09 

2 

4 

4.00 

10,0 

80.0 

4.15 

3.i»9 

+3.8 

0.0 

0.08 

0.12 

3 

7 

9,80 

27,5 

62,7 

10,2 

10,0 

+4.1 

+  2,0 

0,12 

0.13 

4 

4 

12,5t» 

12,5 

75.0 

12.3 

12,3 

—1,6 

-1.6 

0.12 

0,18 

5 

* 

19,20 

9.6 

71,2 

19,7 

19,6 

+2.6 

+2,5 

0,27 

0,27 

TABLE  2.  Determination  of  Isobutylene  in  S)'nthetlc  Mixtures  by  Methods  B  and  D 


Mixture 

No. 

No.  of 
analyses 

Composition  of  the 
mixtures,  vol  ^ 

IS0-C4H, 
found,  vol  ^ 

Experimental  error 
(relative),  Ik 

Mean  deviation  of 
the  measurements. 

Iio- 

C4H, 

n- 

C4H, 

Air 

Meth¬ 
od  D 

Meth; 
od  B 

Method 

D 

Method 

B 

Method 

D 

Method 

B 

1 

11 

2.00 

20.0 

78,0 

1,65 

1,56 

—17,5 

—22.0 

0.15 

0.18 

2 

6 

4.00 

10.0 

86.0 

4.33 

4.35 

+  8.3 

+  8.7 

0,12 

0.17 

3 

4 

9.80 

27,5 

62,7 

10,5 

10,3 

+  7,2 

+  5.1 

0,29 

0,34 

4 

8 

12.50 

12,5 

75,0 

13,2 

12.8 

+  5.6 

+  2,4 

0.13 

O.lt 

5 

5 

19,20 

9.6 

71,2 

20,4 

20,6 

+  6.2 

+  7,3 

0,30 

0.21 

Determination  of  isobutylene  by  means  of  the  mercuric  salts  reduces  to  the  following  operations. 

a)  Determination  of  Isobutylene  by  Method  C.  A  known  volume  of  test  gas  supplied  from  a  gas  buret  is  passed 
for  15-20  min  throu^  a  capillary  into  a  test  tube  20  cm  long  and  10  mro  in  diameter  filled  with  a  known  volume  of 
reagent.  The  test  tube  is  then  placed  for  10  min  in  a  water  bath  at  a  temperature  of  SO*.  After  the  tin>e  indicated 
above  has  elapsed,  liquid  plus  pr<^ipitate  are  quantitatively  transfened  to  a  100  ml  standard  flask;  water  is  used  for 
washing  the  capillary  and  test  tube.  The  contents  of  the  standard  flask  are  made  up  to  the  mark  with  water,  and  after 
the  flask  hat  been  allowed  to  stand  for  one  hour,  a  20-25  ml  aliquot  It  taken  and  treated  with  a  saturated  solution  of 
KMn04  until  a  permanent  rose  color  is  obtained.  Excess  oxidizing  agent  it  reduced  with  2^H20|.  after  which  the  seda¬ 
tion  it  titrated  with  0.1  N  NH4SCN. 

b)  Determination  of  Isobutylene  by  Method  D.  A  known  volume  of  mercuric  nitrate  it  introduced  into  a  250  ml 
round-bottom  flask.  The  flask  Is  stoppered  with  a  cork  fitted  with  a  three-way  tap  and  it  evacuated  for  2-3  min  using 
a  prevacuum  pump. 

A  known  volume  gat  it  introduced  from  a  gat  buret  into  the  evacuated  flask,  the  flask  Is  vigorously  shaken  for 
5  min.  it  is  then  opened  to  the  atmosphere  and  shaken  again  for  a  further  2  min;  it  it  finally  placed  on  a  boiling  water 
bath  for  15  min.  The  mixture  obtained  it  cooled,  quantitatively  transferred  to  a  250  ml  standard  flask,  and  its  volume 
made  up  to  the  mark  with  0.25  N  nitric  acid. 

Twen*y  five  ml  of  the  supernatant  liquid  it  taken.  1  ml  of  concentrated  sulfuric  acid,  and  0.5  ml  of  a  uturated 
solution  of  ferric  ammonium  alum  are  added,  followed  by  a  saturated  KMn04  tolution.until  a  bri{^t-rose  color  it  ob- 
uined.  Exceu  permanganate  is  destroyed  by  addition  of  2^  hydrogen  peroxide  and  the  solution  tiuated  with  0.1  N 
NH4SCN. 

Calculations  of  die  isobutylene  content  of  the  gas  mixtures  were  made  on  the  assumption  diat  one  millimole  of 
olefine  in  the  complex  with  Hg(NO|)|  and  HgSQi  is  equivalent  to  6  mg  -ion  of  Hg*^.  These  relationdiipt  correspond 
to  the  following  probable  formulas  of  the  precipitates: 

lH6NO,.Hg(NO,),l,  C4H, llOJ; 
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TABLE  3.  Determination  of  Isobutylene  In  Prc4uctioo 
Fractions 


Isobutylene  content 

In  the  test  sample. 

Isobutylene  found  (in  %) 
by  methedt 

c 

D 

B 

A 

12.1 

11.8 

11.6 

11.3 

10.4 

6.0 

5.9 

5.6 

5.6 

6.4 

1.2 

0.96 

0.96 

0.96 

0.93 

A  comparative  evaluation  of  methods  A.B.  C,  and  D 
can  be  made  on  the  basis  of  the  resulu  of  the  determination 
isobutylene  in  synthetic  mixtures  containing  air  and  n* 
butylene  (Tables  i  and  2).  Each  result  Is  the  arithmetic 
mean  of  4-11  determinations. 

The  results  given  In  Table  1  illustrate  that  satisfactory 
•greement  is  obtained  between  the  results  for  determination 
of  isobutylene  by  means  of  methods  A  and  C.  The  experio 
mental  error  of  method  C  increases  with  Increasing  relative 
content  of  n*butylene.  which  (thou^  slowly)  is  also  capable 
of  reacting  with  HgS04  to  form  a  sparingly  soluble  complex 
(8). 


The  effect  of  the  value  of  the  molar  ratio 
n-C4H|:Hg(NO|)|  on  the  results  of  deter¬ 
mining  Isobutylene  in  synthetic  gas  mix¬ 
tures.  1)  Mixture  of  11.3^  lso*C4Hs.  n* 
C4H1,  and  '<8.7*^  air  (uf>per  scale);  2)  mix¬ 
ture  of  10.5*^  lso-C4Hg.  27.5^  n-C4Hs.  and 
62.0^  air  (lower  scale);  3)  mixture  of 
1so-C4H|  and  90^  a-C4Hs  (lower  scale). 


It  can  be  assumed  that  small  amounu  of  this  complex  are  coprecipitated  with  the  corre^xsoding  derivatives  of 
isobutylene,  thereby  increasing  die  amount  of  reagent  used  up  in  the  reaction.  Subsequent  wadilng  of  the  precipitate, 
presumably  leads  to  partial  dissolution  of  the  complex  of  n*butylene  with  HgS04.  and  to  a  slig)it  Increase  in  the  ac¬ 
curacy  of  the  determination  of  isobutylene. 

The  reproducibility  of  the  experimental  results.which  Is  characterized  by  the  value  of  the  mean  deviation  of  one 
measuremencls  almost  the  same  in  both  methods. 

The  results  given  in  Table  2  lead  one  to  doubt  Isakova  and  Rakhmanlna's  opinion  [7]  that  mercuric  nitrate  is 
preferable  to  mercuric  sulfate.  Actually,  on  using  a  solution  of  Hg(N(^)i  at  reagent,  methods  B  and  D  give  results 
which  are  less  accurate  and  have  a  poorer  reproducibility  than  methods  A  and  C. 

If  it  it  assumed  that  buylenes  with  normal  structure  do  not  react  with  Hg(NQ|)|  [6,  7).  then  the  positive  experl- 
menul  errors  can  be  related  to  occlusion  of  some  of  the  reagent  by  the  precipitate  formed. 


This  treatment  cannot,  however,  be  extended  to  cover  the  analysis  of  mixture  No.  1  with  a  low  isobutylene  con¬ 
tent  (2.00^)  and  a  large  excess  of  n-butylene,  for  which  considerable  negative  errors  are  obtained. 

The  important  question  therefore  arises:  is  it  not  possible  to  assume  simultaneous  formation  of  a  soluble  mer¬ 
curic  complex  with  n-butylene  which  complexes  ions  and  displaces  the  equilibrium  of  the  precipitation  reaction 
t^S^^s  *  Hg{NOj)|lj  •  iso-C4H4  so  that  the  precipitate  dissolvest  Such  an  assumption  Is  confirmed  by  the  results  of  a 
study  of  the  relationship  between  the  isobutylene  content  of  different  gat  mixtures  based  on  analytical  results  and  the 
number  of  millimoles  of  n-butylene  which  are  equivalent  to  1  millimole  of  unreacted  HglNOj))  (dIagramX 

Curve  1.  constructed  or.  the  basis  of  the  analysis  of  mixtures  with  an  almost  equal  content  of  isobutylene  and  n- 
butylene.  exhibits  the  usual  statistical  scatter  of  experimental  points  determined  by  the  re)..'oducfbitity  of  the  experi¬ 
ments. 

Curves  2  and  3  show  a  definite  trend  in  the  experimental  points. which  indicates  an  Increase  in  negative  experi¬ 
mental  erron  with  increasing  relative  n-butylene  content  (from  !0  to  90  vol.  *^)  and  with  Increases  in  the  ratio  of  the 
number  of  millimoles  of  n-butylene  in  a  test  sample  to  the  number  of  millimoles  of  Hg(N(^)i  which  do  not  react  widi 
isobutylene. 

At  low  molar  ratios  of  [n-C4H|)  /(corresponding  to  a  small  volume  of  test  mixture  or  to  a  consider¬ 

able  amount  of  reageut)  complete  precipitation  of  isobutylene  occurs,  with  occlusion  of  reagent  leading  to  positive 
experimenul  erroo. 

At  hlgfj  molar  ratios  of  (p*C4H|l/fH^NO>>J  formation  of  a  soluble  complex  of  n-butylene  with  with 

simultaneous  dissolution  of  the  prcciplutc  (Hg  NC5,'  HgCNO,)^^  •C4H,  U  probable.  These  phenomena  lead  to  incorit- 
plete  precipitation  of  Isobutylene,  and,  couequer^iy,  i.u  negative  experimental  erron. 
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In  order  to  prove  formatioo  of  soluble  complexes,  the  partitioa  coefficieots  of  Hg**  ions  between  KU'2  retin  in 
the  H'form  and  a  Hg(NO|)|  solution  in  the  presence  and  in  the  absence  of  n-butylene  were  determined.  Kp  values  cal* 
ciliated  on  the  basis  of  the  aiulytical  results  of  equilibrium  solutions  (11]  as  the  ratio  of  the  number  of  meq  Hg*^ 
calculated  on  one  g  of  resin,  to  the  number  of  meq  Hg**^  in  1  ml  of  solution,,  were  S.80  and  9.84  respectively. 

The  decrease  in  the  value  of  Kp  in  the  pretence  of  n-butylene  is  a  direct  indication  of  the  formation  of  soluble 
complexes  with  HgCNOi)^. 

Similar  phenomena  are  also  possible  during  the  interaction  of  n-butylene  with  HgS04.  In  the  case  of  the  analy¬ 
sis  of  small  volumes  of  mixtures  of  107>  isobutylene  and  90^  n-butylene.  coprecipitation  of  an  insoluble  complex  of 
iso-C4H|  with  the  insoluble  complex  of  0-C4H1  occurs.which  leads  to  a  positive  experimental  error.  When  a  large  vol¬ 
ume  of  this  gat  mixture  it  analyzed  (the  same  amount  of  reagent  being  used),  the  n-butylene  present  in  excess  can 
complex  the  mercury  ions  to  form  a  solirble  complex  (which  it  titrated  by  the  ammonium  thiocyanate),  which  leads  to 
dissolution  of  part  of  the  precipitated  complex  of  isobutylene  with  KgS04  and  is  responsible  for  the  negative  experi- 
menul  error. 

In  future  it  will  be  necessary  to  undertake  a  systematic  study  of  the  conditions  leading  to  the  formation  of,  and 
the  composition  of  the  complexes  of  iso-  and  n-butylene  with  mercury  salts  and  to  correct  die  conversion  facton  in¬ 
cluded  in  the  latest  monographs  [9. 10), 

Until  such  work  is  carried  out  the  methods  which  we  have  suggested  can  be  used  for  determining  isobutylene  In 
mixtures  which  do  not  contain  toe  hi^  a  percentage  of  n-butylene. 

In  order  to  check  on  the  applicability  of  methods  C  and  D  to  die  analysis  oi  industrial  hydrocarbon  mixtures,  the 
isobutylene  content  of  fractions  from  the  absorption  gas  fractionation  unit  of  the  Novokuibyshevsk  Oil  Refinery  was  de¬ 
termined.  Resulu  of  the  analyses  of  the  original  fractions  arxl  of  the  same  fractions  after  being  diluted  with  air,  by 
means  of  mediods  A.  B.  C.  and  D  are  con^ared  in  Table  3. 

At  the  results  in  Table  3  diow.  die  methods  compared  give  resulu  which  are  in  agreement  with  each  other.  The 
time  taken  to  carry  out  methods  C  and  D  is  about  a  third  of  that  required  for  methods  A  and  B. 

SUMMARY 

A  new,  rapid  method  is  suggested  for  the  de'.ermination  of  isobutylene  In  its  mixtures  with  n-butylenes;  it  is 
based  on  precipiution  of  the  hydrocarbon  to  be  determined  with  a  known  excess  of  a  stnndard  mercuric  sulfate  of  ni¬ 
trate  solution,  dilution  of  the  mixture  obtained  to  a  known  volume  with  water  or  0.2S  N  HNOj,  and  titration  of  an  ali¬ 
quot  of  the  supernatant  liquid  with  standard  NH^SCN  solution.  Precipitation  of  the  complex  of  isobutylene  with  mer¬ 
curic  sulfate  gives  more  accurate  and  reproducible  resulu  than  those  obtained  when  mercuric  nitrate  is  used  as  preci¬ 
pitant. 

The  analytical  methods  developed  have  been  used  f<  eterminlng  the  isobutylene  in  C4  hydrocarbon  fractions 
from  the  gat  fractionation  unit  of  the  Novokuibyshevsk  Oil  Refinery. 

Some  suggestions  are  advanced  re  complex  formation  between  n-butylene  and  mercuric  sulfate  and  nitrate. 
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The  sensitivity  of  the  determination  of  many  elements  is  very  high  when  high  temperature  discharge  condition 
in  a  hollow  cathode  [1-3]  are  used  as  a  li^t  source.  An  attempt  is  made  in  this  note  to  evaluate  the  limiting  abto> 
lute  sensitivity  of  the  determinatioo  of  various  elements.  The  wodt  was  carried  out  on  the  setup  described  previously 
[1.  2],  The  helium  pressure  in  the  discharge  tube  was  IS  mm  Hg,  and  the  discharge  current  was  1100  ma.  The  design 
and  dimensions  of  the  graphite  cathodes  are  shown  in  the  diagram.  A  layter  of  polystyrene  was  deposited  on  the  face 
of  the  capsule  by  evaporating  a  drop  of  a  dichloroethane  solution  of  polystyrene;  a  solution  of  the  test  element  was 
then  placed  in  the  same  position.  After  this  solution  had  been  evaporated,  an  outer  cylinder  was  fitted  onto  the  cap* 
sule  and  the  cathodeplaced  in  the  discharge  tube.  Requisite  precautions  for  preventing  accidental  contamination  were 
uken  during  all  the  operations.  The  results  obtained,  expressed  in  mpg  (icr*g).  and  also  the  corretpondlng  results 
for  the  "copper  ^ark*  method  and  the  fractional  distillation  method  involving  the  use  of  a  carrier  [4]  are  given  in 
the  uble.  The  analytical  lines  used  are  also  included  in  the  table.  It  should  be  borne  in  mind  that  the  results  relating 
to  the  last  two  methods  were  obuined  by  means  of  a  Baird  diffraction  spectrograph. which  has  a  cotuiderably  hi^er 
dispenlon  dian  the  ISP-22  and  ISP-51  ^>ecuographt  fitted  with  a  UF-84  camera  (the  latter  for  determing  sodium, 
lithium,  and  potassium)  which  we  used.  It  can  be  assumed  that  the  sensitivity  wldi  which  lithium  and  elements  whose 
analytical  lines  are  located  in  the  2800-5000  A  region  can  be  increased  (to  differing  extents  for  different  elements) 
by  using  spparatiu  with  a  higher  dispersion,  and  conespoodingly  more  sensitive  photographic  materials. 


The  results  given  for  a  hollow  catliode  correspond  to  an  increase  of  the  blackening  of  the  analytical  line  over 
the  background  of  0.05-0.10.  Thu«  the  sensitivity  criterion  for  all  the  results  included  in  the  uble  is  approximately 
the  same.  As  these  resulu  show,  the  sensitivity  of  a  determinatioo  by  means  of  a  discharge  in  a  hollow  cathode  is  in 
many  cases  considerably  higher  than  in  the  most  sensitive  of  the  direct  methods  of  spectrographic  analysis.  This  fact 
can  be  used  for  increasing  the  sensitivity  of  analyzing  pure  solutions.  The  use  of  a  discharge  tube  with  a  hollow  cath* 
ode  during  the  analysis  of  concentrates  of  impurities  in  chemlcospectographic  methods  of  analysis  permits  the  sen¬ 
sitivity  to  be  increased  essentially  in  these  cases  also.  The  list  of  elements  which  can  be  determined  in  this  way  can 
be  considerably  extended. 

In  principle,  the  technique  described  should  permit  determination  of  all  elements  whose  volatility  (more  accur¬ 
ately,  the  volatility  of  their  appropriate  compounds)  under  the  ^ecific  conditions  of  a  high  temperature  discharge  in 
a  hollow  graphite  cathode  is  close  to  the  volatility  of  the  elements  included  in  the  table.  On  the  basis  of  the  results 
obtained  here  one  should  be  able  to  get  an  approximate  idea  of  the  sensitivity  of  determinatioo  which  is  anainable  in 
these  cases.  The  method  suggested  is.  however,  not  suitable  for  the  determinatioo  of  many  elements  which  form 
stable  compounds  with  low  volatility  under  the  conditions  described.  In  particular,  the  sensitivity  of  the  determina¬ 
tion  of  thorium,  uranium,  tantalum,  niobium,  tungsten,  zirconium,  and  molybdenum  proved  to  be  very  low.  Fhoto- 
graphs  of  the  spectra  of  spark  discharges  using  capsules  at  electrodes,  showed  that  on  treating  the  capsules  in  a  dis¬ 
charge  in  a  hollow  cathode,  the  elements  indicated  remain  almost  completely  on  the  surface  of  the  capsules. 
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Sentltlvlty,  n>| 


□ement 

Analytical  line 
(A) 

Hollow  cathode* 

■Copper 

spark"* 

Fractional  distilla¬ 
tion  with  a  carrier 

•  • 

Al 

3092,7 

!()♦ 

10 

500 

Ag 

3280,7 

•  0,03 

S 

B 

2497,7 

1 

10 

1 

Be 

li 

3130.4 

0.03 

0.2 

10 

Cd 

2288.0 

30 

300 

7 

Co 

3ir»3.5 

0,3 

50 

100 

Cr 

11 

28C5.6 

1 

5 

300 

Cu 

3247..'i 

0,03 

— 

30 

Fe 

11 

25W,4 

3 

50 

100 

Ga 

2943  0 

0,03 

100 

— 

K 

7064,9 

10 

10 

200 

Li 

6707.8 

0,1 

0.2 

10 

Mg 

2a'»2.1 

0,03*(^0,0001) 

1*(0.1) 

50 

Mn 

2794,8 

0,03 

2 

iro 

Na 

r>889.9 

0,U3 

10* 

so 

Ni 

3050.8 

1 

10 

2«» 

P 

2535,6 

30 

2000 

5000 

Pb 

2833,1 

10 

s 

100 

Sb 

2528,5 

100 

500 

1000 

Si 

2881,6 

1 

10 

300 

Sn 

2840,0 

10 

HO 

Zn 

3345.0 

3 

200 

2000 

*  Absolute  teiuitlvity  when  pure  tolutioni  were  used. 

*  *  Absolute  sensitivity  obtained  by  convenion  from  the  coocentratioa  sensitivity  for 
the  main  elements  having  a  complex  spectrum  (100  mg  UtOg*  *  Limit  determined 
by  impurities.  The  figures  in  brackets  are  limits  which  can  be  attained  in  the  ab* 
sence  of  impuritea. 

An  interesting  feature  is  that  the  sensitivity  with  which  some  elements  (beryllium,  silver,  copper,  manganese, 
gallium,  sodium,  and  particularly  magnesium)  can  be  determined  is  fairly  close  to  the  theoretical  limiting  sensidv 
ity  for  a  discharge  in  a  hollow  cathode  (lO'^’g),  calculated  very  roughly  by  Mandel'ditam  and  Nedler  [5). 

SUMMARY 

The  absolute  values  of  the  sensitivity  of  the  determination  of  a  number  of  elements  using  high  temperature  dis¬ 
charge  conditions  in  a  hollow  graphite  cathode  have  been  established.  The  sensitivity  with  which  most  elements  can 
be  determined,  with  the  exception  of  the  least  volatile  ones,  is  considerably  higher  than  the  sensitivity  which  is  pos¬ 
sible  when  the  same  elements  are  determined  by  fractional  distillation  in  a  dc  arc  using  a  carrier,  and  by  the  *cop- 
per  ^ark*  method. 
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b  is  pointed  out  in  textbooks  on  spectrographic  methods  of  analysis  that  the  distribution  of  random  errors  duilng 
the  determination  of  the  content  of  an  element  conforms  to  Gauss*  normal  law.  This  it  in  accordance  with  the  well* 
known  rule  that  the  direct  results  of  a  physical  experiment  or  measurement  are  subjected  to  the  normally  distributed 
random  error.  Ahrens  [1],  however,  hat  generalized  all  the  information  on  the  asymmetric  distribution  of  the  errors 
in  specuographic  determination,  and  hat  pointed  out  that  this  distribution  is  best  described  by  the  so-called  lognormal 
law.  This  means  that  the  asymmetric  (with  a  taper  on  the  ri^t)  distribution  of  the  concentrations  found  becomes  nor¬ 
mal  after  a  logarithmic  transformation.  In  this  case,  treatment  of  the  resulu  by  the  methods  of  ordinary  mathematical 
statistics  is  approximate,  and,  as  Ahrens  has  diown.  tmsatisfactory,  when  the  error  is  greater  than  a  I9lb. 

We  have  canied  out  several  series  of  determinations  of  various  elements  in  a  series  of  samples  ~  about  60  paral¬ 
lel  determinations  in  each  series.  Curves  constnteted  on  the  basis  of  the  resulu  of  one  series  are  diown  in  the  diagram. 
The  resulu  of  the  other  series  are  similar.  In  all  cases  the  distribution  of  the  concentrations  measured  (i.e.  the  dis¬ 
tribution  of  the  experimental  error)  approximates  to  a  lognormal  distribution  (fig.  c). 


Distribution  curves  of  the  results  of  a  spectrographic  analysis,  a)  An- 
tilognormal  distribution  of  the  blackening  S;  b)  normal  distribution  of 
AS  and  log  C;  c)  lognormal  distribution  of  the  concentration  C. 

The  contradiction  which  arises  can  be  eliminated,  in  our  opinion,  as  follows. 

As  is  known,  the  value  of  the  concentration  it  found  by  means  of  the  following  formula: 

Here  S^  is  the  blackening  of  the  analytical  line,  S|  it  the  blackening  of  the  line  of  the  internal  standard  or  back¬ 
ground.  y  it  the  contrast  factor  of  the  photographic  plate  (approximately  l).^it  the  selfabtorption  coefficient  of  the 
line  which  it  usually  equal  to  one  in  the  working  region.  Cj  it  the  concentration  being  determined,  and  C|  it  the  con¬ 
centration  of  the  internal  nandard. 

The  blackening  values  St  and  S^  are  measured  directly  and  AS  s  St-S^  is  calculated.  It  it  assumed  that  log  Cg 
«  const,  and  a  linear  relationship  it  established  between  AS  and  log  C|  (with  a  slope  of  yb). 


496 


Ic  our  experimruit  we  nudlfd  the  types  of  diitribution  curves  for  all  the  factors  which  enter  into  the  formula  in* 
dicated.  We  establidied  that  the  distribution  of  S|  and  is  antilognormal*  (Fig.  a).  i.e.,tt  It  asymmetric,  tapering  to 
the  left. 

The  distribution  of  S|  and  Sy  diould  correspond  to  the  distribution  of  log  Ct  and  log  (the  conespondence  being 
better  the  nearer  yb  it  to  1).  The  distribution  of  the  logarithms  of  the  concentrations  of  the  test  element  and  the  in* 
temal  standard  should  alto  be  anti  lognormal,  and.  consequently,  the  distribution  of  the  concentration  (l.e.,the  ei^eri* 
mental  error)  should  be  normal,  in  complete  accord  with  the  assumptions  of  most  spectroscopists. 

Thus  the  distribution  of  log  C|  corresponds  to  the  distribution  of  Sj.  but  not  AS.  AS  -  the  difference  between  the 
two  asymmetric  distributions  S|  and  Sj  —  is  an  almost  normal  distribution*  *(Fig.  b).  It  follows  from  this  diat  when, 
using  a  linear  curve  (working),  values  of  log  C|  arc  sought,  which  correspond,  according  to  the  basic  formula,  tc  AS 
values,  one  will  inevitably  obtain  for  log  C|  a  disuibution  approximating  to  a  normal  rather  than  an  antilogncrmal  dU* 
uibution  for  C|  (since  the  logarithms  of  the  concentrarion  are  disuibuted  normally.  Fib.  b). 

During  treatment  of  several  parallel  results  for  one  umple,  one  usually  calculates  the  mean  arithmetic  value  and 
the  mean  arithmetic  or  mean  square  enor. 

Neverthicss,  a  mathematical  study  of  a  lognormal  distribution  [2]  diows  that  it  is  characterized  by  three  differ* 
ent  values  —  the  mean  arithmetic  the  mean  geometric  gm.  and  the  most  probable  value  ymax*  between  which  the 
following  relationships  hold: 

Ig  o/A  -  Ig  +  3.4539X*. 

Igom-Igg/ii+l.fSm*. 


where  X  is  the  mean  square  deviation  of  the  logaridims  of  the  values  (distributed  nomully)  from  dieir  mean  arithmetic 
value.  The  latter  corresponds  to  the  mean  geometric  value  of  the  lognormal  distribution  considered,  not  to  its  mean 
arithmetic  value. 

This  meant  that  the  mean  arithmetic  value  of  AS  corresponds  not  to  the  mean  aridimetic  value  of  C,  but  to 
their  geometric  value. 

h  can  be  shown  that  for  an  experimental  error  of,e.g.,t  S^,  the  mean  arithmetic  value  will  only  exceed  the  mean 
geomeuical  value  by  about  0.1*^,  for  an  error  of  by  about  O.S^,  for  an  enor  of  i20^  by  2^,  and  for  an  error  of 
*25^  by 

Thus  the  statistical  error  in  the  treatment  of  results  has  an  essential  effect  only  at  high  reproducibility  etron 
(>10*19)t). 

A  simple  method  can  be  suggested,  however,  whereby  the  error  arising  during  calculation  can  be  completely 
eliminated. 

It  must  be  borne  in  mind  that  at  a  result  of  the  linear  relation  between  AS  and  log  C,  the  value  of  ^mean 
responds  accurately  to  log  This  meant  that  the  correct  value  cf  corresponds  to  the  antllogarithm  of 

log  and  is  the  mean  geometrical  value  f  ■  die  lognormal  disuibution  of  C.  This  correct  value  of  C  it  found 

more  simply  by  calculating  AS^^^n  ^^8  ^'mean*  experimental  enor  can  also  be  accurately  calculated  by 
meant  of  the  normally  disuibuted  values  of  AS  or  log  C  **  *. 

For  conversion  from  enon  in  the  values  of  or  log  to  enor:  in  the  value  of  Cmeae  followiag 

formula  [3] can  be  used: 

e/C%=-2.3A-iOO, 


*The  distribution  of  S  is  called  antilognormal  because  the  values  of  S  from  the  formula  -log  a  4-3  slog  ‘/a 4 3 
conespond  to  the  antllogarithm  of  the  values  of  l/a  (a  it  the  uansmissivity),  the  distribution  of  which,  as  establidied 
in  *he  same  experlmcnu,  is  normal. 

** Under  these  conditions  the  distribution  of  AS  will  become  closer  to  a  normal  distribution,  the  nearer  is  the  distribu* 
lion  of  to  the  distribution  of  S|,  i.e.,the  better  the  choice  of  internal  standard  or  the  better  the  continuous  back* 
ground  "works*  with  the  analytical  line. 

***The  characteristics  calculated  for  AS  will  be  closer  to  the  trtie  value,  the  less  the  slope  of  the  curve  differs 
from  45*  (i.e.,yb  from  1).  Accordingly,  it  is  more  accurate  to  use  the  values  of  log  C. 


where  c  /db  it  the  fclatlve  enor  for  Cmeto*  ^  mean  tqure  error  for  ^^Smeaa  or  log  Cm^an* 

SUMMARY 

The  rcasoo  for  the  lognormal  diiulbutu>a  of  ranJom  enon  duing  determination  of  the  coocentratlon  of  an  ele* 
ment  it  ditcuved.  It  It  shown  that  dill  phenomenon  does  not  correpond  to  the  physical  nature  of  the  spectropaphic 
method,  but  is  the  result  of  the  way  in  which  spectrographic  analylt  data  it  treated.  A  method  of  eliminating  the 
statistical  error  it  suggested. 
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The  technique  most  often  uiel  at  present  for  obtaining  ions  during  mass-^ectro- 
meuic  analysis  of  solids  is  ionizatici  on  an  incandenscent  surface.  During  the  analysis 
of  elements  with  I'TW  ionization  pucntials  an  ion  rourca;  of  this  type  is  very  efficient. 
The  work  was  carried  out  with  a  tiihon  type  ion  source  which  is  part  of  die  MS-4  mass* 
specuometer.  During  the  analysts  jf  cesium  isolated  from  the  fission  products  of  uran¬ 
ium  235,  we  observed  doubling  of  be  mass-  7:ictrum  of  cesium;  in  addition  to  the  main 
mass  spectrum,  a  satellite  spectrun  (Pig.  1)  appeared  at  a  certain  temperature  of  the 
ribbon  source.  This  effect  was  obieved  when  the  temperature  was  increased  consider¬ 
ably  and  when  the  ion  source  had  ieen  used  for  a  long  time  with  the  test  element.  As 
the  temperature  increased  the  intcolty  of  the  peaks  in  the  general  mass-spectrum  of 
cesium  increased  sharply  (Fig.  2).  The  isotopic  composition  of  cesium,  calculated  on 
the  basis  of  the  fundamental  spectrun  and  on  the  basis  of  the  satellite  spectrum  remain¬ 
ed  the  tame.  We  think  that  the  mechanism  of  this  phenomenon  it  at  follows.  The 
neutral  cesium  atoms  evaporating  from  the  ribbon  when  the  source  is  operating  condense 
on  the  colder  parts  of  the  source, including  the  edges  of  the  lent  slit  standing  close  to 
the  screen.  During  prolonged  opcralon  the  edges  of  the  slits  of  these  lenses  are  strongly 
heated  and  when  the  temperature  .ruches  about  500*,  ionization  of  the  cesium  Ions  oa 
this  surface  it  possible.  The  ions  fomedwill  have  an  energy  differing  from  the  energy 
of  the  ions  formed  on  the  ribbon  Itelf  by  the  valu*.  of  the  stretching  voltage.  They 
will  be  recorded  as  ions  of  lower  natt.  This  explanation  of  the  doubling  effect  can  be 
confirmed  by  calculation. 


The  possibility  of  the  appearance  of  additional  peaks  in  tiu  general  mats  spectrum,  at  the  result  of  the  forma¬ 
tion  of  ions  with  a  different  energy,  must  be  taken  into  account  Hiring  the  mast-tpectrometric  analysis  of  readily  ion- 
Izable  elements. 
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SUMMARY 

Doubling  of  the  maa  spectrum  of  cesium  has  been 
observed  during  the  mass*^ctromeuic  analysis  of  cesium 
isolated  from  the  fission  products  of  U  235. 

It  has  been  shown  that  this  is  the  result  of  the  iooiza* 
tion  of  cesium  ions  along  the  edges  of  the  slit  of  the  stretdi* 
ing  lens. 
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During  studies  of  the  isotopic  exchange  of  oxygen  in  systems  which  include  solids,  the  reaction  kinetics  in  most 
cases  ere  determined  by  the  change  in  the  isotopic  compostion  of  the  gas  or  liquid  phase.  Thermal  or  diemical  decom¬ 
position  methods,  and  also  exchange  with  water  are  tued  for  determining  the  isotopic  compostion  of  solids.  Por  mass- 
spectrometric  measurements,  the  oxygen  is  usually  converted  into  COj  (0|  is  used  les  frequently).  In  the  case  of  ther¬ 
mostable  materials  or  materials  which  exchange  with  difficulty  however,  these  methods  are  not  suiuble.  In  addition, 
at  low  degrees  of  exchange,  and  when  oxygen  enriched  to  only  a  small  extent  with  the  heavy  isotope  is  used,  the  error 
in  determining  the  O**  content,  at  a  result  of  dilution  and  side  exchange  reactions,  it  of  the  tame  order  at  the  exchange 
effect  it  it  desired  to  determine.  V/lien  carbon  it  used  at  a  reducing  agent  it  must  be  borne  in  mind  that  at  a  reducing 
temperature  in  excess  of  800*  expensive  apparatus  it  required,  since  in  such  cases  quanz  exchanges  with  CO|  and  Og 
at  an  appreciable  rate. 


Comparison  of  the  Isotopic  Composition 
of  Oxygen  in  Some  Solids  at  Determined 
by  Gsi  Exchange  and  by  their  Reduction 
with  K4[FE(CN)«] 


Composition 

Isotopic  composition  (in  at.5») 

of  the 

1  at  determined  by: 

solid  phase 

Gat  ; 

Reduction  of  the 

exchange 

solid  phase 

Aljp, 

Lltk), 

0,470 

0,471 

0,328 

0,332 

DaSO« 

1,560 

1,544 

Bsj  (PO()i 

0,260 

0.2G3 

Na,WO« 

0,250 

0,254 

Poussium  ferrocyanlde  K4[Fc(CN)|>  3HjO  hat  proved  to  be  a  very 
convenient  reducing  agent.  By  heating  in  a  drying  oven  to  100*  for  a 
diort  time  it  it  possible  to  prepare  the  very  pure  anhydrous  salt,  which, 
on  heating  above  400*.  decomposes  readily.  The  melt  obtained,  which 
contains  finely  divided  carbon,  it  capable  of  reducing  a  wide  variety 
of  materials  at  a  temperature  of  about  600*.  The  absence  of  oxygen 
in  the  reducing  agent,  and  the  low  reducing  temperature,  eliminate 
the  necessity  of  applying  corrections  to  the  directly  measured  isotopic 
composition  of  the  oxygen  in  the  COg  obtained.  It  is  alto  possible  to 
use  quartz  for  making  the  requisite  apparatus. 

The  apparatus  used  for  preparing  COg  samples  during  isotopic 
analysis  of  oxygen  in  solids  of  the  oxide  and  salt  type  it  diown  in  the 
diagram:  it  is  simple  to  make  and  to  operate.  An  aliquot  of  test  mU 
or  oxide  (about  20  mg)  it  mixed  with  an  equal  volume  of  K4[Fe(CN)g) 
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and  placed  in  a  porcelain  boat  in  a  quarts  teit  tube  6,  whose 
volume  should  not  be  lest  than  30  ml.  While  the  tube  U 
heated  with  a  gat  burner  to  150-200*  the  mixture  is  uained 
(aged)  in  a  vacuum  at  lQr^-10~^  mm  Hg  in  order  to  remove 
traces  of  water  and  adsorbed  air.  The  aging  period  is  10-30 
min,  and  depends  on  the  state  of  the  preparation.  Tap  5  is 
then  twitched  over,  the  temperature  it  taken  up  to  600*  and 
after  3-5  min  with  tap  4  closed  the  mixture  of  COf  and  Ng 
formed  is  transferred  into  receiver  1  provided  with  a  standard 
ground  joint  which  enables  it  to  be  connected  to  a  mass- 
spectrometer.  The  accuracy  widi  which  the  isotopic  com¬ 
position  of  oxygen  can  be  determined  depends  on  the  qual¬ 
ity  of  the  man-spectrometer.  When  solids  are  used  in  which 
the  isotopic  composition  of  the  oxygen  is  not  uniform  with 
the  depth  of  the  crystals,  die  amount  of  K^fPefChOs]  in  the 
mixture  must  be  increased,  and  complete  reduction  of  the 
test  material  is  achieved  by  increasing  the  heating  time 
during  decomposition. 

The  author  has  used  this  method  for  the  analysis  of  the  isotopic  composition  of  oxygen  in  AlgC^.  NatS04.  BaSQg. 
Ba|(P04)|,  NatW04.  Na|Mo04.and  obtained  very  good  results  (see  table). 

SUMMARY 

Most  oxygen -containing  solids  can  be  reduced  with  K^PefCNlg)  at  temperatures  below  600*  in  a  simple  quarts 
apparatus.  The  isotopic  composition  of  COg  obtained  agrees  accurately  with  the  isotopic  composition  of  test  materials 
obtained  on  complete  reduction.  The  amount  of  test  material  required  for  analysis  is  10-20  mg. 
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Methods  used  for  the  determination  of  copper  in  cadmium  metal  and  cadmium  salts  include  the  dithizone  ex¬ 
traction  tiuatiou  method  [1],  ana  photometric  diethyldithiocarbamate  method  [2],  and  spectrographic  methods  [3]. 
Cunent  standards,  however,  do  not  set  a  limit  on  the  permissible  amount  of  copper  in  many  cadmium  salts  (CdClg, 
Cd(N(3s)],  Cd(CH)C(X))j  and  CdCOg)  and  only  u  qualitative  test  is  given  for  copper,  in  which  ammonia  is  used  [4-7], 
Since  the  methods  mentioned  above  take  a  long  time  and  cannot  always  be  carried  out  in  plant  laboratories  (e.g.,the 
spectrographic  method),  while  the  ammonia  meUiod,  in  view  of  its  low  selectivity,  should  be  replaced  in  the  GOST 
methods  by  a  better  method,  we  thou^t  that  it  would  be  expedient  to  describe  in  this  communication  a  new,  very 
simple,  and  rapid  method  for  determining  copper  in  cadmium  and  its  salts. 

The  method  is  based  on  coprecipitation  of  traces  of  copper  on  cadmium  ferrocyanide  as  collector  [8],  followed 
by  a  comparison  of  the  intensity  of  the  rose  color  of  the  precipitate  with  the  coiu.v  of  standard  series  of  precipitates 
prepared  under  the  ume  conditions,using  the  respective  pure  salts  of  cadmium  to  which  copper  has  been  added  in  the 
form  of  a  standard  solution. 


Apparatus  for  preparing  COj  samples  during 
the  isotopic  analysis  of  oxygen  in  solids.  1) 
Receiver  for  CQi  samples;  2-5)  taps;  6)  quartz 
test  tube  with  a  ground  joint;  7)  boat  with  ali¬ 
quot  of  test  material  and  K4[Fe(CN)«j. 
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Samples  tested 

By  the  suggesud  method 

By  the  dithiaooe  method 

Granulated  cadmium  metal  ("analytical  grade") 

0.004 

0.0045 

Cadmium  rods  (KqO  grade) 

O.noS 

0.0035 

Cadmium  metal  (standard  sample  No.  177) 

0.007 

0.006 

Cadmium  chloride  ("analytical  grade") 

0.0004 

0.0006 

Cadmium  bromide  ("analytical  grade") 

0.0004 

0.0005 

Cadmium  iodide  ("analytical  grade") 

0.0003 

0.0004 

Cadmium  nitrate  ("analytical  grade") 

0.0004 

0.0003 

Cadmium  carbonate  ("analytical  grade") 

0.0004 

0.0004 

Cadmium  sulfate  ("analytical  grade") 

0.0002 

0.0003 

Oo  adding  the  first  drops  of  K4  p^e(CN)^  solution  to  a  solution  conuining  up  to  100  mg  cS*,  and  up  to  10  rog 
Ct/^.  up  to  80^ of  the  copper  will  be  found  in  the  Cd|Fe(CN)|  precipiute  fonned;  as  a  result  the  precipitate  b  color- 
ed  a  weak  rose-color  (a  precipitate  of  pure  Cd|Fe(CN)t  is  white  in  color).  As  the  copper  concentration  in  the  original 
solution  increases  (when  a  constant  amount  of  precipitant  is  used)  the  color  intensity  of  the  precipiute  also  iiKreases. 
Coprecipftation  of  copper  is  greatest  when  the  concentration  of  the  cadmium  ult  is  l^and  when  a  0.5*1. 01k 
^Fe(CN)^  solution  Is  used. 

By  varying  the  amount  of  solution  and  taking  the  minimum  amount  of  precipitant,  it  is  possible  to  determine 
down  to  2  X  10~^  copper;  this  means  that  it  is  possible  to  ensure  control  of  the  purest  commercial  cadmium  ult  a- 
vailable  -  chemically  pure  grade  cadmium  sulfate  (2). 

Analytical  Procedure.  0.5  g  of  cadmium  metal  mark  KpO  (or  0.25  g  of  mark  K^l  and  Kd2)  is  dissolved  on  heat¬ 
ing  in  a  few  ml  of  KNQi  and  the  solution  evaporated  to  dryness  on  a  und  bath.  The  residue  is  transferred  to  a  100  ml 
standard  flask  and  it  made  up  to  the  mark  with  water.  Twenty  ml  of  the  solution  obtained  is  placed  in  a  25  ml  cylin¬ 
drical  centrifuge  tube  with  a  spherical  bottom  and  0.5  mi  of  freshly  prepared  KiFefCN)^  solution  added  dropwise  with 
continuous  stirring.  The  liquid  is  allowed  to  stand  for  10  min  in  order  to  allow  ^e  colloidal  toludop  farmed  initially 
to  coagulate,  after  which  the  precipitate  is  centrifuged  for  one  minute  at  1000  rpm.  The  solution  it  poured  as  com¬ 
pletely  free  as  possible  from  the  precipitate.  2-3  drops  of  water  axe  added  and  the  precipitate  stirred  up  until  a  homo¬ 
geneous  suspension  it  obtained.  The  precipitate  it  allowed  to  tund  fox  3-5  min,  after  which  iu  color  it  compared  widi 
the  colors  of  a  standard  series  of  precipitates  prepared  under  the  tame  conditions  from  umples  of  cadmium  metal  with 
a  krx)wn  copper  content,  or  using  reagent  grade  Cd(NO)\  free  from  coppex  but  to  which  known  amounu  of  copper  are 
added. 

This  method  permits  determination  of  down  to  O.OOlIk  copper  to  cadmium  metal.  One  determination  takes  30 

min. 

If  results  are  not  required  in  the  shortest  possible  time,  the  centrifuging  stage  can  be  omitted,  and  the  precipi¬ 
tate  simply  allowed  to  settle.  In  such  cases  it  is  recommended  that  60-110  ml  tall  cylindrical  test  tubes  with  spheri¬ 
cal  bottoms  be  used;  50-100  ml  of  solution  containing  0.25-O.SO  g  of  cadmium  (mark  K|yO  or  "analytical  grade"  mat¬ 
erial)  is  introduced  into  such  test  tubes,  and  from  0.5  to  2.0  ml  of  0.5%  KiFefCN)^  added.  The  test  tube  is  stoppered 
with  a  cork,  its  contents  carefully  mixed  and  then  allowed  to  stand  for  3-4  houn.  At  the  end  of  this  period,  without 
pouring  off  the  solution  above  the  precipitate,  the  test  tube  is  rapidly  routed  by  hand,the  tube  being  held  in  a  venical 
position  and  shaking  avoided.  During  this  operation  the  precipitate  collects  in  the  lower  part  of  the  text  tube  into  a 
compact  mass,  and  its  color  is  compared  in  this  form  with  the  color  of  a  standard  series  of  precipitates  prepared  in  a 
similar  way.  For  convenience  of  observation  it  It  recommended  that  a  narrow  movable  miiror  surface  be  fixed  in  the 
lower  strip  of  a  support.  By  lifting  the  test  tube  slightly  and  fixing  the  mirror  at  an  angle  to  the  observer,  it  it  possible 
to  examine  the  color  of  the  precipiutes  easily. 

Determination  of  down  to  0.0002^  copper  in  cadmium  salts  it  carried  out  at  follotra. 

One  g  of  salt  (weighed  to  an  accuracy  of  0.01  g)  it  dissolved  In  100  ml  of  distilled  water  in  a  150  ml  beaker. 
Prom  5  to  10  drops  (accurately)  of  0.5^i  lC4Pe(CN)f  it  added  with  continuous  stinrlng.  The  mixture  is  transferred  at 
rapidly  at  possible  into  two  50  ml  cen'rifuge  tubes  in  which  it  is  centrifuged  for  5  min  at  1500-2000  rpm.  The  solution 
it  poured  off  almost  completely  from  tie  precipitate,  about  0.5-1.0  ml  of  centrifugate  being  left  behind;  die  precipi¬ 
tate  adhering  to  the  bottom  it  stirred  u  >  to  give  a  suspension  in  this  volume.  The  tti^nsioa  from  both  tubes  is  trans- 
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ferrtd  litfo  a  3-4  ml  conical  centrifuge  tuKe  ^nd  again  cenuifuged  for  one  minute  at  1000  rpm.  The  ctdor  oi  the  pre* 
cipitate.which  has  a  volume  of  20*30  mr.^.^s  compared  with  the  color  of  a  standard  sample  prepared  at  the  tame  time 
at  the  test  material  aixl  tame  ^Mflitioru  from  the  appropriate  cadmium  salt. containing  a  known  amossot 

(permitted  by  COST  speciftc^tians)  of  For  thu  purpose  It  it  expedient  to  use  a  large  diameter  It'A  <tih  e 

magnification  of  2-X 

A  determination  l^Vet  10*15  mix 

A  standard  copper  solution  is  prepa'vd  by  dissolving  electrolytic  copper  in  HNO^  (1:1):  the  aoluticas  it  evaporated 
widi  HtS04  to  the  appearance  of  white  fames,  and  the  solution  it  finally  trantfened  to  a  uandard  flask. 

A  stock  solution  of  IC4Fe{CN)|  it  prepared  by  dissolving  50  g  of  its  crystallohydrate  in  one  liter  of  water.  Tlie 
solution  will  keep  unchanged  for  several  months  in  a  dark  vessel.  O.S^  solution  it  pr^ared  by  appropriate  dilation  of 
the  stock  solution.  The  dUutesolutlon  wl'l  keep  for  S-7  days. 

The  method  developed  for  the  determination  of  copper  by  means  of  K^FefCN)^  gives  satisfactory  results  (tee 
table)  and  can  be  recommended  as  a  rapid  method  in  technical  analysis  for  controlling  die  production  of  cadmlnm 
metal  and  salts. 

SUMMARY 

A  rapid  method  has  been  developed  for  the  determination  of  copper  In  cadmium  metal  and  cadmium  •alta.  The 
method  consists  of  the  following:  0.5-1. 0  ml  of  0.5^  IC4Fe(CN)(  solution  is  added  to  a  1*%  solution  of  cadmiu*^  s^lt* 
the  precipitate  is  centrifuged  and  the  intensity  of  iu  rose  color  compared  with  the  colon  of  a  standard  series  of  preci¬ 
pitates  which  are  prep.  vU  ib%'ricical  conditions. 

The  lemitivity  of  the  metuuo  L  ^rT  ..dmlum  meul  0.001^  of  Cu  and  for  cadmium  salts  0.0002lb  of  Cn, 
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We  recommend  MgifPcfCNld.  which  Is  superior  to  Cayp^elCNJc]  used  earlier  (1),  for  the  determinatioa  of  potas¬ 
sium.  SO4*"  and  small  amounts  of  P04^  ions  do  not  Interfere  with  determination  of  potassium  by  means  of  Mg|{Fe(CN)g]. 
It  it  prepared  by  adding  an  excess  of  an  aqueous  su^entioo  of  magnesium  oxide  to  a  wadied  precipitate  of  H4[Fe(CN)t] 
obtained  by  adding  coocentrated  HCI  to  a  saturated  solution  of  K4[Fe(CN)t). 

On  adding  ethanol  to  die  aqueous  solution  containing  pot^rsium  ions  and  excess  magi  ssium  ferrocyanide,  the  pre¬ 
cipitate  separates  out  rapidly  and  its  composition  corresponds  Lr^*urately  to  the  formula  K|Mg[Fe(CN)t]. 

Nevertheless,  magnesium  ions  form  precipitates  of  varying  composltioa  widi  potassium  ferrocyanide  onder  differ¬ 
ent  precipitation  conditions;  thus  when  a  solution  of  potassium  ferrocyanide  is  added  to  an  aqueous  ethanol  solution  of 
a  magnesium  salt  in  the  presence  of  excca  potassium  chloride,  a  precipitate  of  the  compositioD  MgKisfFefCN)^]  is 
formed  (2). 

The  minimum  ethanol  concentration  establidied  empirically  is  32^  by  volume.  At  higher  ethanol  oonoentratlont, 
and  when  different  precipitation  conditioi^  are  used,  the  precipitate  forms  slowly  [3].  At  ethanol  concentrations  of 
about  50^  the  reagent  itself  starts  to  precipiute  out.  even  in  the  absence  of  potassium  ions;  determlnativ/os  are  then 
impossible.  It  has  been  shown  that  potassium  can  be  determined  in  the  form  of  5Cd4CPe(CN)4]  •  4IC4[Fe(CN)4]  when  pure 
salu  are  used  [4,  6). 

Potassium  it  determined  at  follows;  a  hydrochloric  solution  of  the  ash  obuined  from  3-10  g  of  organic  material 
it  prepared  in  the  usual  ma/iuer.  .The  solution  it  transferred  to  a  25  ml  sundard  flask  and  its  volume  made  up  to  the 

mark. 

Not  more  than  10-12  ml  of  solution  containing  I0-8O  mg  of  potassium  it  taken  for  analysis;  this  amount  is  trans¬ 
ferred  to  a  test  tube  which  hat  a  mark  at  15  ml,  the  solution  it  heated  and  neutrsl  red  added,  MgO  it  then  added  in 
small  amounu  until  the  color  of  the  solution  changes  from  red  to  a  weak  yellow. 

Calcium  and  magnesium  phosphates  are  precipitated,  a:  well  as  small  amounts  of  Fe,  Al,  and  Zn. 

The  solution  it  then  allowed  to  become  cold  and  iu  volume  made  up  to  15  ml  with  water)  it  is  filtered  into  a 
15-20  ml  measuring  cylinder  .10-12  ml  of  this  solution  it  poured  into  a  test  tube  (fitted  with  a  stopper)  with  a  mark  at 
25  ml,  and  exactly  5  ml  of  0,25  M  MgifPefCNJt]  added  (a  more  concentrated  solution  can  be  used,  but  in  this  case  the 
volume  of  reagent  added  should  be  decreased  accordingly). 

After  disking,  8  ml  of  96*^  ethanol  it  added,  and,  if  necessary,  water  it  added  to  bring  the  volume  up  to  the  2S 
ml  mark;  the  tube  it  shaken  again  and  is  then  allowed  to  stand  for  30  min  for  ihe  precipitate  to  age.  Four  ml  of  water 
it  added,  or  3  ml  if  there  it  only  a  small  amount  of  precipitate,  the  tube  it  shaken  and  the  contents  filtered  throu^  an 


TABLE  1.  Corrections  to  be  Applied  for  the  Precipitant  Remaining 
in  the  Precipitate 


Amount  of  potassium  de 
termlned  in  the  volume 
taken,  mg 

10 

20 

■ 

40 

60 

80 

Amount  of  potassium 
that  should  be  tubtractei 

1,4 

u 

1.00 

1,50 

i 

i.oo 

mg 
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Tiblc  2 


Taken 

Potassium,  mg 

Taken 

Potassium,  mg 

Found  in  the  precipitates: 

Pound  in  the  precipitates: 

After 

washing 

rninl'itfl 

After 

washing 

Without  washing 
but  after  applying 
corrections 

15,0 

25,0 

'«;»  )  '<•« 

1 

1I;J  1  •».» 
i;?  1 

50,0 

75,0 

1 

1 

tJ.’J  ) 

ordiruy  filter  paper  8  cm  in  diameter.  The  precipitate  is  quantitatively  transfened  onto  the  filter  papei;  using  the 
filuate  itself,  the  filter  plus  precipitate  are  removed,  placed  on  filter  paper,  and  when  the  liquid  hat  run  off,  they  are 
pressed  between  sheets  of  filter  paper  until  there  it  no  observable  trace  of  liquid  on  the  paper;  they  are  finally  dried  lo 
a  thermostat  at  50*60*  or  in  air  until  there  it  no  odor  of  ethanol.  The  filter  paper  it  opened  out  and  immersed  In  • 
beaker  containing  100  ml  H|0  and  10  ml  HsS04  (1:3).  the  whole  it  then  stirred  with  a  glass  rod  until  the  precipitate 
dissolves;  the  solution  it  finally  titrated  with  0.05  N  KMn04  until  the  color  of  the  solution  changes  from  yellow  to  brown; 
the  color  change  at  the  end  point  it  very  sharp.  One  ml  of  0.05  N  KMn04  is  equivalent  to  3.91  mg  potassium. 

The  precipitate  obtained  after  squeezing  out  the  liquid  contains  a  small  amount  of  precipitant  which  it  titratable 
with  KMn04.  and  accordingly  the  corrections  given  in  Table  1  must  be  applied;  it  it  also  necessary  to  use  filter  papers 
of  the  ume  diameter  (8  cm)  made  from  ordinary  filter  paper. 

Ihe  precipitate  can  be  washed  with  a  10^  solution  of  MgClj  in  32^  ethanol;  in  this  cate  there  it  no  need  to  apply 
ary  >-«.tiont.  This  technique,  however,  leads  to  excessive  use  of  alcohol,  but  the  main  disadvantage  it  that  the  time 
taker,  to  carry  out  a  determination  isiocreased. 

Table  2  contains  results  of  the  determination  of  poUMium  in  synthetic  mixtures  of  materials  which  occur  in  plant 
ash;  the  results  were  obtained  on  titrating  washed  and  unwashed  ferrocyanide  precipitates  with  permanganate;  in  the 
latter  case  corrections  were  applied. 

The  experimenul  enor  does  hot  exceed  6^.  Ten  potassium  determinations  can  be  carried  out  in  45  min. 

SUMMARY 

A  simple  method  has  been  developed  for  the  titrimetric  determination  of  potassium  in  plant  materials  by  means 
of  magnesium  fenocyanide.  The  relative  error  for  the  determination  of  10  to  80  mg  of  potassium  does  not  exceed  0%, 
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A  large  number  of  tiuimetric  methods  are  known  for  the  determination  of  vanadium.  One  of  the  meat  widely 
used  methods  U  titration  of  quinquevalent  vanadium  with  Mohr's  salt;  vanadium  is  oxidized  to  the  quinquevalent  state 
by  meant  of  permanganate,  excess  of  which  it  removed  by  boiling  with  concentrated  HCl  [1,  2],  or  with  sodium  nitrite 
[3,  4]:  excess  nitrite  it  complexed  with  urea.  Oxalic  acid  is  sometimes  used  for  removing  exceu  permanganate  [5). 
Diphenyl  amine  and  phenylanthranilic  acid  are  the  indicators  most  frequently  used.  Vanadium  which  bat  been  reduced 
to  the  divalent  state  by  meant  of  cadmium  amalgam  can  be  titrated  with  dichromate  [6]  or  trypan  red  [7].  In  addidoo 
to  direct  duation,  backtiuation  methods  can  also  be  used;  vanadium  it  reduced  with  a  known  excess  of  MohrS  salt  and 
the  excess  titrated  with  ceric  sulfate  in  the  presence  of  o-phenanthroiine  [4]  or  with  dichromate  in  dte  presence  of  barium 
diphcnylaminesulfonate  [83. 

Tliere  is  also  a  large  number  of  poteotiometric  methods  of  determining  vanadium  [3,  5, 10-lS];  the  chemical 
processes  underlying  these  methods  are  the  tame  at  those  considered  above.  Nevenheless,  none  of  the  methods  indicated 
above  enable  microgram  amounu  of  vanadium  to  be  dtrated. 

Tesu  which  we  have  carried  out  showed  that  microgram  amounts  of  vanadium  can  be  titrated  in  an  acid  medium 
by  meant  of  azo  dyes.  A  ^ecuophotometric  variant  for  the  determination  of  small  amounts  of  vanadium  by  meant  of 
azo  dyes  hat  been  described  previously  [9]. 

In  acid  media  azo  dyes  form  brightly  colored  addition  products  (balochromic  compounds);  the  mechanism  of  this 
reaction  reduces  to  an  acid  -  base  Interaction  of  dye  with  acid;  in  this  connection,  azo  dyes  have  found  wide  appllca- 
tion  at  acid-base  indicaton  (methyl  orange,  naphthyl  red.  methyl  red,  etc.).  The  azo  group  —  N  «  N  it  fairly  ac¬ 
tive  with  respect  to  the  action  of  reducing  or  oxidizing  agents  on  it.  In  the  first  Instance  the  reaction  reduces  to  the 
formation  of  amino  substituted  azo-  and  diazocomponents: 

Ar— N  -  N- Ar +4H  -  Ar- NHfc+ 1 At 

In  the  second  case  oxidation  —  reduction  splitting  of  the  azo  compoimd  occurs  with  formation  of  hydroxy  substi¬ 
tuted  azo-  and  diazo  components  and  liberation  of  free  nitrogen: 


X,-Ar-N-.N-Ar-X,+4H,SO*+4HVO,- 


.-Xj-Ar-OH+X,- 


Ar/^” 


+F/,+4V0S04-f-5HA 


where  X|  and  X|  are  the  substituting  grotqM. 

We  should  like  to  propose  methyl  orange  (other  azo  dyes  can  be  used  alto)  as  a  titrant  for  the  quantitative  de¬ 
termination  of  microgram  amounts  of  vanadium.  The  reaction  between  methyl  orange  and  vanadate  proceeds  fairly 
quickly  in  a  strongly  acid  medium  (HtS04  concentration  equal  to  60^  by  volume). 

On  titrating  10*^  vanadate  solutions  with  a  methyl  orange  solution  it  was  established  that  the  stoidiiometric 
coefficients  are  in  the  proportion  of  4:1  (Table  1).  When  the  reaction  conditions  are  changed  the  ratio  of  the  coeffici¬ 
ents  may  be  different  (e.g..6:l). 

When  chemically  pure  methyl  orange  and  sulfuric  acid  are  used  the  theoretical  titer  of  methyl  orange  can  be  ac¬ 
cepted;  otherwise  the  methyl  orange  must  be  standardized  against  ammonium  vanadate,  or  even  better  against  vanadium 
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TABLE  1.  Titratioa  of  HVOs  with  Methyl  Orange  (ccncenDatloo  of  the  solutions  l(r*M) 


vi.  vana¬ 
date,  ml 

vt,  methyl 
orange,  ml 

v,/v, 

V|.  vana-  j 
date,  ml  | 

vg.  methyl 
orange,  ml 

4.00 

1,04 

3,84 

8.00 

2,06 

3.88 

4.00 

1,02 

3,02 

12,00 

2;98 

4.02 

8,00 

1,96 

4,08 

12,00 

3,04 

3,94 

TABLE  2.  Determination  of  Vanadium  in  Steel  (Standard  Sample 
No.  124  .  0.240^  V) 


Vanadium 
found. % 

Deviation,  ^ 

Vanadium 
found, % 

Deviation,  S 

0.235 

0,005 

0,242 

0,002 

0,250 

0.010 

0,243 

0,003 

0,245 

0,005 

0,246 

0,006 

0,238 

0,002 

0,235 

0,005 

pentoxide.  The  methyl  orange  should  be  standardized  with  ammonium  vanadate  immediately  after  dissolving  an  all* 
quot  of  the  dye  in  60^  sulfuric  acid;  this  is  necessary  because  in  strongly  acid  media  NH«  ions  are  gradually  oxidized 
by  VO|  icxis. 

So  that  the  ratio  of  the  volumes  of  methyl  orange  and  vanadate  should  be  near  to  unity,  10“^  solutions  of  methyl 
orange  and  approximately  4  x  10~*M  vanadate  solutions  diould  be  prepared. 

Titrati.xi  it  carried  out  with  methyl  orange  supplied  from  a  microburet  (2*5  ml)  until  a  stable  weak  rose  ctdor 
appearv 

Forty  micrograms  of  vanadium  can  be  titrated  with  satisfactory  accuracy  without  interference  from  the  following 
ions  (In  It  g):  Co*^  -100,  -400.  Cu**  -^50,  Cr^  -300,  Al*^  -3000,  Za*^-10,000,  Mn*^  -2,000,Fe**  -GO  (in  the 

presence  of  H,P04 -15,000)  Ti^  -50,  MoC^,  WC^-40.  Fe*^.  Bi*“,  Pb*^,  Ca**,  Sr**.  Ba**,Br-,  NOy.  oxi¬ 

dizing  agents  Cl|.  Bt],  MnO^,  CtO^  etc,  interfere  with  titration. 

The  method  suggested  hat  been  tried  out  on  a  standard  sample  of  steel  No.  124  (Table  2). 

Determination  of  Vanadium  in  Steel.  0.1 -0.5  g  of  steel  is  dissolved  on  gentle  heating  in  a  mixtwe  of  20  ml 
dilute  (1:3)  sulfuric  acid  and  5  ml  of  dilute  (1:1)  nitric  acid.  The  solmion  it  evaporated  until  copiom  fun.es  of  tulfixic 
acid  are  evolved;  evaporation  diould  not,  however,  be  carried  out  until  salts  start  to  separate  out.  After  cooling,  the 
residue  is  diluted  with  100  ml  of  water.  3-5  ml  of  phosphoric  acid  it  added,  and  the  vanadium  is  oxidized  by  dropwise 
addition  of  2^  potassium  permanganate  solution  until  a  rose  color  which  it  stable  for  1-2  min  appears.  After  the  vaiu- 
dium  has  been  oxidized.  1  ml  of  manganese  sulfate  it  added  and  the  solution  titrated  with  0.1  N  oxalic  acid.  The 
decolorized  solution  it  filtered  if  it  it  turbid,  and  the  filtrate  diluted  to  the  mark  with  water  in  a  200-250  ml  standard 
flask.  2-3  ml  of  the  solution  obtained  is  back  titrated  with  a  sulfuric  acid  solution  of  methyl  orange. 

SUMMARY 

A  titrimetric  method  it  suggested  for  the  determination  of  microgram  amounts  of  vanadium;  it  is  baaed  on  the 
redox  reaction  of  vanadium  with  methyl  orange;  the  brightly  colored  sulfuric  acid  solution  of  methyl  orange  acts  simul¬ 
taneously  at  working  solution  and  indicator.  The  concenaation  of  the  working  solutions  is  of  the  order  of  10~^ 

The  method  has  been  checked  on  a  standard  umple  of  steel  No.  124,  and  gave  satisfactory  resulti. 
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DETERMINATION  OF  HEXAETHYL  DILEAD  IN  TETRAETHYL  LEAD 

N.  P.  Lapisova  and  A.  L.  Gol*dsbteia 
Translated  from  Zhurnal  Analitichesko  Khimii,  VoL  16,  No.  4, 
pp.  508-509.  July  *  August  1961 
Original  article  submitted  October  18, 1960 


Even  small  amounts  of  hexaethyl  dilead  (HEL)  present  as  an  iir^urity  in  tetraethyl  lead  lead  to  insubility  of 
tetraethyl  lead  itself  ard  of  ethyl  liquid  prepared  from  it. 

The  following  methods  are  known  for  the  determination  of  HEL  in  tetrae^yl  lead. 

1.  Parallel  use  of  the  molybdate  and  iodometric  methods  with  subsequent  calculation  of  the  amount  of  HEL 
[1].  This  method  is  not  suitable  for  technical  control,  since  unsaturated  organic  products  which  can  react  with  iodiiK 
may  Le  presen.  .n  technical  tenaethyl  lead. 

2.  Distillation  of  tenaethyl  lead  from  its  mixtures  with  HEL  followed  by  determination  of  the  latter  on  the  baits 
of  the  specific  gravity  of  the  high  boiling  fraction  remaining  [2].  This  mediod  it  complicated  and  involves  numeroits 
manipulations  with  such  noxious  materials  as  tenaethyl  lead  and  HEL. 

3.  Determination  of  HEL  In  in  mixtures  with  tenaethyl  lead  by  specnophotomenic  [3]  and  polarographic  meth¬ 
ods  [4.5]. 

We  have  developed  and  checked  on  a  method  of  determining  HEL  in  tenaethyl  lead  which  is  based  on  tfse  fol¬ 
lowing  reaction  in  acetone  solution: 

SPb^CxHj),  ♦  2KMn04  -SPbjCCjHs)*©  ♦  K,0  •  2MnO^ 

In  developing  this  method  we  made  use  of  Austin’s  observation  [6]  that  nitolyl  lead  is  oxidized  by  potauium 
permanganate  with  formation  of  the  conesponding  hydroxyl  derivatives,  and  also  of  Baht’s  observation  [7]  that  tri- 
phenyl  lead  in  the  form  of  a  suspension  in  acetone  reacts  quantitatively  and  instananeously  with  potassium  permart- 
ganate,  even  at  ordinary  temperatiues,  to  form  the  corresponding  oxide.  On  the  basis  of  this  reaction  Bahr  suggested 
a  method  for  the  quantitative  determination  of  viphenyl  lead. 

Experimenul  Part.  HEL  was  prepared 'by  Hein  and  Klein's  method  [8].  The  HEL  used  was  a  transparent  liquid 
with  a  lemon-yellow  color  and  with  a  specific  gravity  of  d^'  ■  1.94-1.96. 

Tetraethyl  lead  was  purified  by  two-  and  three-stream  distillations  of  the  technical  product  and  had  the  fol¬ 
lowing  indices:  rpecific  gravity  d^  ^  1.643-1.645;  Pb(C|H|)4  content  99.0-99.9%. 

Acetone  conforming  to  GOST  2768-44  premier  grade  was  used;  It  was  freed  from  oxidizing  Impurities  by 
boiling  600  ml  of  it  with  20  g  of  potauium  permanganate  for  3  hr;  it  was  finally  distilled  through  a  fractionating 
column. 
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250  ml  flask  and  20  ml  of  purified  acetone  added;  the  HEL  was  then  titrated  with  the  acetone  solution  of  permanga¬ 
nate  with  continuous  stinin^ 

The  reaction  proceeds  very  rapidly  —  the  permanganate  color  disappeaiv  immediately;  the  solution  acquires  a 
yellow  color  and  becomes  turbid.  When  titration  nears  completion,  coarse,  brown  colored  floes  which  readily  separ¬ 
ate  out  are  formed,  and  the  solution  becomes  aansparenc  Titration  can  be  considered  complete  when  the  liquid 
over  the  precipiute  acquires  a  weak  rose  color  on  adding  one  drop  of  permanganate.  On  determining  0.1292  and 
0.0944  g  of  HEL,  values  of  0.1320  and  0.0925  g  were  obtained. 

HEL  is  titerefore  titrated  completely;  the  deviation  of  the  results  obuined  from  the  true  value  does  not  exceed 

Behavior  of  Pure  Tetraethyl  Lead  under  the  Condtions  Used  For  Titrating  with  Permanganate.  On  adding  the 
0.05  N  acetone  solution  of  potassium  permanganate  to  tetraethyl  lead  dropwise,  the  violet  color  disappears  immed¬ 
iately,  i.e.  tetraethyl  lead  is  oxidized.  Neverthcleu  a  different  picture  is  observed  when  a  dilute  acetone  solution 
of  tetraediyl  lead  is  used;  the  solution  invariably  acquires  a  rose  color  on  addition  of  1-2  drops  of  permangaiute 
solution,  this  rose  color  being  suble  for  30  min  and  longer.  This  means  that  it  is  possible  to  determine  HEL  in  tet¬ 
raethyl  lead  by  the  method  indicated. 

Determination  of  HEL  Present  as  an  Impurity  in  Tetraethyl  Lead.  Solutions  of  HEL  in  tetraethyl  lead  were  pre¬ 
pared  for  the  work,  the  corcentration  of  the  former  ranging  from  0.01  to  26^  Five  ml  of  solution  (about  8.2  g)  was 
uken  fortiuatlon  at  concentrations  up  to  smaller  volumes  of  solution  were  taken  at  the  higher  concentrations. 
The  sample  was  diluted  with  20  ml  of  purihed  acetone  and  tiaated  with  O.OS  N  potassium  permanganate  with  good 
stining.  The  method  permits  determination  of  HEL  with  a  relative  error  not  exceeding  5^  (see  table). 

A  study  was  made  of  the  effect  of  unsaturated  organic  compounds  (which  may  be  present  in  industrial  tetraethyl 
lead)  on  the  results  of  the  determination  of  HEL  in  teoaethyl  lead. 

Olefines  are  oxidized  by  permanganate.  On  ticating  a  number  of  unsaturated  compounds  in  acetone  with  per¬ 
manganate,  it  was  shown  that  oxidation  it  very  slow.  Since  HEL,  as  noted  already,  it  titrated  immediately,  then, 
as  a  number  of  tests  showed,  the  presence  of  unsaturated  organic  compounds  which  react  slowly  with  permanganate 
has  almost  ru>  effect  on  the  results  of  the  determination  of  HEL. 

Analytical  Procedure;  5-10  ml  of  clear,  sediment  free  technical  tetraethyl  lead  is  introduced  into  a  flat-bot¬ 
tom  flask;  it  is  diluted  with  20  ml  of  purified  acetone,  and  is  tiaated  with  a  0.05  N  solution  of  permanganate  in 
acetone,  the  contents  of  the  flask  being  mixed  by  a  rotating  movement  When  the  first  1-2  drops  of  KMn04  givea 
a  rose  color  which  does  not  disappear  for  5-6  sec,  it  can  be  considered  that  there  is  no  HEL  in  the  teaaethyl  lead. 
When  the  rose  color  disappears  immediately,  being  immediately  replaced  by  a  yellow  color,  tiaation  U  continued 
until  a  rose  color  appears  which  is  readily  observable  on  a  white  background. 

One  ml  of  1  N  KMn04  is  equivalent  to  0.2944  g  hexaethyl  dilead. 

SUMMARY 

A  method  has  been  developed  for  the  quantitative  determination  of  hexaethyl  dilead  in  teaaethyl  lead  in  the 
presence  of  unsaturated  hydrocarbons,  the  hexaethyl  dilead  being  present  as  an  impurity.  The  method  consists  in 
tiaating  an  acetone  solution  of  tetraethyl  lead  with  a  0.05  N  solution  of  potassium  permanganate  in  acetone. 

The  experimenul  error  of  the  method  is  5-10<^  (relative).  The  method  is  sensitive  down  to  0.01«]b. 
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REVIEWS  AND  BIBUCXJRAPHY 

D.  1.  Ryabchikov  and  E.  K.  GoTbraikb.  THE  ANALYTICAL 
CHEMISTRY  OF  THORIUM 
Moscow.  Izd  AN  SSSR.  1960.  293  pp. 

Translated  from  Zhurnal  Analitlchesko  Khimii.  VoL  16.  No.  4. 
pp  510-511.  July  -  August.1961 


''The  Analytical  Chemistry  of  Thorium*  by  D.  L  Ryabchikov  and  E.  K.  Gol'braikh.  the  book  undei  review,  it 
one  of  a  scries  of  moiiographs  which  the  V.  L  Vemadskii  Institute  of  Geochemistry  and  Analytical  Chemistry.  Acade* 
my  of  Sciences.  USSR  intends  to  publish  under  the  general  name  “The  Analytical  Chemistry  of  the  Elements.*  There 
is  hardly  any  need  to  dwell  on  the  very  great  neceuity  for  and  the  very  earliest  publication  of  a  series  of  monographs 
in  which  is  brought  together  all  the  factual  scientific-methodological  material  and  the  vast  practical  experience 
accumulated  by  many  thousands  of  research  and  practical  workers  In  the  field  of  analytical  chemistry  both  In  the 
USSR  and  abroad.  Such  an  analytical  encyclopedia  will  favor  the  further  development  of  this  important  braisch  of 
science,  and  its  practical  application  to  solving  all  the  complex  problems  In  the  field  of  the  analytical  control  of 
modem  produedon. 

The  fact  that  the  authors  used  2142  literature  sources  published  In  the  USSR  and  abroad  during  1957-1958  tes¬ 
tifies  to  the  huge  amount  of  work  carried  out  by  them  in  compiling  this  monograph. 

The  monograph  comprises  five  chapters. 

The  first  Is  devoted  to  information  on  the  general  and  inorganic  chemistry  of  diorium. 

The  second  chapter  is  devoted  to  descriptions  of  the  chemical  and  physicochemical  methods  of  determining 
thorium,  these  being  prefaced  by  qualitative  reactions  for  the  thorium  ion. 

A  considerable  amount  of  attention  is  given  to  the  complexometric  mediod, which  can  be  regarded  as  a  fund¬ 
amental  method.  Questioris  relating  to  the  theory  of  complexometric  titration  and  the  indicators  used  are  considered 
here,  and  actual  methods  of  determining  thorium  are  described.  Titrimetric.  spec trophotome trie,  and  volumetric  high 
frequency  methods  of  determining  thorium  by  means  of  sodium  ethyl enedia mine  tetracetate  are  also  described. 

Consideration  of  photometric  methods  of  determining  thorium  is  preceded  by  an  outline  of  some  general  the¬ 
oretical  premises  relating  to  the  development  of  colored  reaction  products  formed  during  the  interaction  of  thorium 
ions  with  organic  and  inorganic  reagents. 

It  is  pointed  out  that  polerographic  methods  of  determining  thorium  have  not  found  practical  application.  Aa 
indirect  ampcrometric  method  of  determining  thorium  is  described.  Spectographic.  x-ray  spectographic  and  radio- 
metric  methods  of  determining  thorium  are  briefly  outlined. 

Separation  of  thorium  from  accompanying  elements  forms  the  subject  of  the  third  chapter. 


For  separating  thorium  from  the  rare  earths,  use  is  made  of  methods  based  on  differences  in  the  chemical  and 
physical  properties  of  diese  elements  (basicity,  solubility  of  their  respective  compounds,  their  compler-fortnlog  ca* 
pacity  etc).  Chromatograpliic,  exoaction  and  otlter  separation  methods  are  cotuidered. 

In  addition,  methods  are  described  for  separating  thorium  from  scandium,  titanium,  zirconium,  uranium,  iron, 
aluminum,  niobium,  tantalum,  silicon,  at)d  phosphorus  arx)  from  lead  and  other  metals  of  the  hydrogen  sulfide  group. 

The  fourth  chapter  is  devoted  to  methods  of  determining  thorium  in  natural  and  industrial  materials,  including 
alloys.  Regeneration  of  thorium  from  industrial  wastes  is  also  described. 

Methods  of  determining  impurities  in  technical  and  high  purity  thorium  are  considered  in  the  Hfih  chapter. 
Methods  of  purifying  thorium  from  uranium*233.  protoactinum*233,  and  radioactive  fission  products  are  also  describ¬ 
ed  in  this  chapter. 

Of  considerable  use  are  the  literature  references  on  the  synthesis  of  the  various  reagents  required  for  can)ring 
out  a  particular  method  of  analysis;  this  will  help  our  analysts  to  make  wider  use  of  new  analytical  methods  for  de- 
terntining  thorium. 

Though  this  review  of  the  conteno  of  the  monograph  is  of  necessity  brief,  it  nevertheleu  gives  a  fair  idea  of  the 
huge  amount  of  material  that  it  contains. 

Bearing  in  mind  the  fact  that  many,  if  not  most  of  the  reagents,  and  the  conditions  under  which  drey  are  used, 
turn  up  during  consideration  of  the  methods  of  determining  thorium  (Chapter  II),  during  coiuideratioo  of  the  methods 
of  separating  thorium  from  other  components  (Chapter  III),  and  also  during  consideration  of  methods  fer  determining 
thorium  in  natural  and  industrial  materials  (Chapter  IV),  it  does  strike  one  tliat  it  might  be  better  to  bring  together 
all  three  applications  of  any  reagent  that  turns  up  repeatedly  in  the  general  theoretical  pan  of  the  mooograph,  with 
theaimof  greater  compactness  and  for  making  it  easier  for  the  reader  to  obtain  the  information  he  wanu  on  any  partic¬ 
ular  reagent  he  it  interested  in.  There  it  the  possibility,  however,  that  should  this  be  done,  it  might  be  difHcult  to 
achieve  the  requisite  separation  of  the  fundamenul  analytical  methods,  and  to  deal  with  them  sufficiently  fully. 

Moreover,  in  order  to  avoid  frequent  repetitioi\ resort  should  be  made  more  often  to  reference  to  previous 
sections  of  the  monograph  in  which  any  particular  reagent  or  method  has  already  been  dealt  with. 

A  large  number  of  methods  for  determining  thorium  and  the  reagents  used  for  this  purpose,  are  described  in  the 
mongraph,  and  the  sensitivity,  accuracy,  and  effect  of  other  elements  are  coraidered;  methods  of  removing  the  latter 
are  also  included.  Many  of  these  methods  are  very  similar  to  each  other  with  respect  to  these  analyucal  character¬ 
istics.!. e«  sensitivity.  etc.  Accordingly,  it  is  very  difficult  for  the  analyst  who  is  making  his  first  acquaintance  with 
the  analytical  chemistry  of  thorium  to  assimilate,  critically  evaluate,  and  select  the  best  rrrethod  from  the  vast  a- 
mount  of  material  collected  in  die  book  under  review,  without  having  the  general  characteristics,  and  a  cemparisoo 
of  the  advantages  and  disadvantages  of  each  method  before  him. 

In  order  to  get  a  mote  rapid  idea  of  the  advantages  of  some  methods  and  the  drawbacks  of  odters,  it  would 
obviously  be  very  useful  to  include  ubles  at  the  end  of  each  chapter  (nr  in  die  appendix)  conuining  the  nKSt  im¬ 
portant  characteristics  of  the  methods  with  respect  to  their  fundamental  indices. 

Having  completed  an  examination  of  this  monograph,  the  reviewer  must  eiqiress  the  great  satisfaction  which  he 
had  derived  in  reading  it.  This  monograph  on  thorium  is  a  serious  contribution  to  Russian  literature  on  the  analytical 
chemistry  of  the  elernents.it  will  be  of  gre^t  service  to  analytical  chemists  in  scientific-research  and  industrial  lab¬ 
oratories. 

One  must  express  the  hope  that  the  material  in  the  reviewed  monograph  (Just  like  that  in  the  odier  monographs 
in  this  series  of  the  "Analytical  Chemistry  of  Elements")  will  be  periodically  supplemenurd  by  systematic  critical 
reviews  of  the  literature. 


A.  M.  Dymotr 
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G.  Ckatlot.  LES  METHODES  DE  LA  CHLMIE  ANALYTIQUB 
ANALYSE  QUANTITATIVE  MInIrALB 
Paris,  Kiassoo  et  Ci^  1961, 1024  pp..  4th  ed. 

Translated  from  Zhumal  Analltlcheskoi  Khimii,  Vol.  16.  No.  4, 
pp  511*512,  July-Aogust,  1961 


G.  Chariot’s  book  consist  of  two  parts. 

The  first  part  is  devoted  to  the  theoretical  bases  of  analytical  chemistry.  The  material  is  classified  as  follows: 
1)  chemical  reactions  in  solution;  2)  electrochemical  reactiottt  and  volumetry;  3)  measurement  methods;  4)  vari¬ 
ous  methods  and  techniques. 

The  second  part  is  devoted  to  selected  methods  of  determining  a  large  number  of  elements,  methods  which  have 
not  only  been  aieo  out  in  the  author's  laboratory,  but  also  by  the  Commission  on  Analytical  Methods  of  the  Com¬ 
missariat  on  Atomic  Energy,  by  the  French  Standardization  Association,  by  the  analytical  chemistry  section  of  the 
French  Chemical  Society,  and  also  by  some  industrial  societies.  Methods  of  determining  all  the  elements  with  the 
exception  of  the  Inert  gases  and  radioactive  elements  (apart  from  Tc,  Th,  and  U)  are  considered  in  this  part, 

la  Section  I  of  the  first  part,  the  reactions  of  acids  and  bases,  oxidizing  agents  and  reducing  agents,  and  pre- 
clpiution  reactions  (including  homogeneous  precipiution)  are  considered  in  general  terms;  the  concepts  of  extraction 
and  its  practical  application,  distillation,  and  coprecipiution  are  advanced;  various  types  of  chromatographic  tech¬ 
niques  and  their  practical  application  are  considered.  In  addition,  the  dissociation  consunti  of  acids  and  bases,  the 
apparent  instability  consunts  and  the  redox  potentials  are  included. 

Section  II  is  devoted  to  a  qualiutive  and  quantitative  interpreution  of  the  results  of  electrochemical  reactiorw 
and  to  the  theory  of  electrolysis.  The  nature  of  the  current  ~  potential  curves  Is  discussed,  as  well  as  the  effect  on 
them  of  various  factors  in  the  course  of  cla  mical  reactions  when  various  electrodes  are  used;  the  techniques  of  the 
practical  tsc  of  electrolyais  and  electrography  and  reduction  by  meuls  and  amalgatra  are  discussed. 

The  ^oretical  bases  of  various  methods  used  in  analytical  chemistry  are  outlined  in  Section  III,  and  these 
methods  include  spectrophotometric,  luminescent,  thermogravimetric,  radiometric,  etc.  Various  tiuimetric  meth¬ 
ods  arc  coruidcred:  potentiomecric,  ampcromenic,  coulomeaic,  photomeaic,  radiomeaic.complexometrlc  ten¬ 
siometric,  and  many  others.  The  material  on  polarography  is  presented  in  the  chapter  devoted  to  amperometry. 

Both  widely  used,  as  well  as  new  reagents  and  indicators  used  for  pH  determination  in  redox  reactions.etc  are  dis¬ 
cussed.  Finally  the  bases  of  emission  spectrographic  analysis  and  spectrophotometry  are  outlined. 

Sectioa  rv  is  devoted  to  die  properties  of  ionizing  and  non-ionizing  solvents,  and  dieir  ptacticrl  use  in  neutral¬ 
ization,  complex  formation,  and  redox  reactions. 

Chapaex  V  is  devoted  to  the  question  of  determining  Daces  of  elements,  pteparation  of  samples,  dissolution  of 
sampks,  and  the  dcsDuction  of  organic  materials  by  wet  and  dry  methods.  In  addition,  the  sensitivity  limits  of  the 
methods  are  given.  In  the  sections  devoted  to  the  analpis  of  gases,  and  also  to  those  on  semimicro-  and  microdeter¬ 
minations  the  author  limits  hliraelf  to  published  sources. 

The  characteristic  way  in  which  the  material  it  outlined  in  diis  interesting  book  distinguishes  it  from  other 
textbooks  <n  analytical  chemisDy.  It  hat  been  written  very  clearly,  the  newest  scientific  data  being  taken  into  ac¬ 
count  ComplexomeDy,  tiDadon  in  nonaquenus  media.  clccDochemlcal  reactions,  various  new  tiDation  techniques*- 
thermoc  he  mical.  polaromeuic,  refractomcDic,  cryomeoic,  gasomcDic—  elecDochromatography,  spec  Dophotome  trie 
tioadon,  s*atistical  treatment,  microbiological  anaiysis.etc  aie  all  well  ucated.  Particular  attention  has  been  given 
to  the  quandudve  determinadon  of  such  elements  as  U.  Th,  Ti,  Zx,  Nb,  Ta,  B,  Be,  etc. 

The  textbook  includes  392  diagramtmany  of  which  are  original  and  illusDate  the  theoredcal  material  graph¬ 
ically.  References  to  published  original  work  and  reviews  are  included  in  each  chaplet. 


Sll 


It  would  be  correct  to  My  however  (incidentally .widi  G.  Chariot*!  agreement)  that  the  book  U  not  peifecL 
Subjects  of  similar  themes  are  separated  in  many  instances.  We  think  that  questions  relating  to  the  theory  of  electro* 
chemical  reactions  and  voltametry  should  r»ot  be  separated  from  amperometric,  potentiometric,  and  similar  analyt* 
ical  methods.  Material  on  radiometric  determination  should  be  linked  with  the  expostion  of  radiometric  titratioo. 
Methods  of  separating  and  methods  of  determining  tl»c  elements  should  be  separated  more  clearly.  One  must  regret 
that  physical  methods  of  analysis  are  hardly  dealt  with  at  alL 

On  the  whole  G.  Chariot's  book  it,  undoubtedly,  of  great  interest  not  only  for  analytical  specialists,  but  can 
also  te:ve  as  a  reference  book  and  textbook  for  aspirana  and  studcnts,and  should  be  translated  into  Russian. 

D.  L  Kuznetzoir 


A  NEW  REAGENT  FOR  THE  DETERMINATION  OF  CADMIUM  - 
BROMBENZTHIAZO 

Translated  from  Zhurnal  Analitichesko  Khimii,  VoL  16, 14o.  4, 
back  cover,  July- August,  1961 


A  new  reagent  for  the  colorimetric  determination  of  cadmium  ~brombenzthiazo~  has  been  synthesized  at  the 
All  Union  Scientific -Research  Institute  of  Chemical  Reagents  and  Special  High  PurityChemicals  (IREA). 

The  new  reagent  has  approximately  the  Mme  sensitivity  and  selectivity  as  didiizone,  but  has  the  advantage 
over  the  latter  that  it  it  simpler  to  use  and  is  more  stable. 

Organizations  and  enterprises  wishing  to  test  the  new  reagent  may  obtain  a  free  sample,  and  instruedon  for  its 
use,  by  applying  to  the  address:  Moscow  E-61,  Bogorodskii  Val,  D.  1,  IREA.  It  is  requested  that  a  report  on  the  prac* 
deal  value  of  the  new  reagent  be  sent  to  IREA  within  a  two  month  period  after  receiving  die  reagent. 

The  Institute  will  advise  on  all  questions  relating  to  the  use  of  brombenzthiazo. 


Sit 


